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CHAPTER I: INTRODUCTION 
Background 
As the industrial processes used throughout the world 
increase in complexity, the demand for reduced machining 
tolerances, decreased costs of manufacturing, and increased 
productivity are leading to major changes in industrial 
practices. One such change is the increased utilization of 
automated machinery in manufacturing. 
Consider the case of a four-cylinder water-cooled 
gasoline engine, as might be used in an automobile, truck, or 
tractor. The top of the engine block is a machined surface 
which reveals the four cylinder bores, ten or more threaded 
holes for the studs holding the cylinder head in place, and a 
number of water and oil passages. 
The centerlines of the cylinders must be bored in a 
single plane, which must also contain the centerline of the 
crankshaft main bearings. The centerline of each bore must be 
spaced to line up with its corresponding crankshaft connecting 
rod journal. Because excess weight increases fuel consumption 
and the cost of materials, the cylinder walls will be cast as 
thin as practicable. Centering the bores in these cast walls 
is necessary for strength and for even transfer of heat from 
each cylinder to the surrounding water jacket. The ten 
threaded holes and the water and oil passages must be spaced 
to match those in the cylinder head. 
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The problems involved in producing the spacings and 
alignments described, using only simple manually operated 
machinery would be overwhelming. Each cylinder would be bored 
individually. The oil and water passages, originally cast 
into the engine block and cylinder head, would be cleaned out 
and sized, and the ten stud holes would be drilled and tapped. 
Each step would increase the investment in wages, machine 
time, and overhead in that particular engine block, and any 
serious error, even at the last step, might send it to the 
scrap pile or require extensive reworking of the part. 
Automated equipment may be used to relieve the machine 
operator of the opportunity for error and to reduce the skill 
level required for the job. 
Automated equipment may be divided into the categories of 
"fixed" and "flexible" automation. Fixed automation, also 
called "hardware automation," consists of developing or 
adapting machines to specific tasks or processes, such as 
boring the holes in the top of the engine block described. A 
machine of this type requires modification or exchange of 
cams, holding fixtures, templates, or similar parts in order 
to change its output. These components are likely to be 
precision devices, fabricated or purchased at considerable 
expense. Fixed automation ia cost effective and is used to 
advantage in cases of long production runs of identical parts, 
as the capital outlay may be amortized over a large number of 
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items. Goods likely manufactured on hardware automated 
equipment include paper drinking cups, light bulbs, or the 
six-cylinder engine block used by Chevrolet in much the same 
form from 1929 through 1962. 
Numerically controlled equipment, a prominent form of 
flexible automation, retains the advantage of relieving the 
human operator of direct control of the machine, and allows 
greater flexibility than hardware automation, by providing for 
modification of output without modification of the machine. 
(In this context, replacing one cutting tool with another or 
exchanging drill bits is not regarded as machine modification 
(Howe, 1969, pp. 2-3).) 
If the engine block previously described is being 
produced using hardware automation and it is found that 
changing the spacing between cylinders has an advantage, then 
a hardware component, e.g., a template to guide the machine 
movement, will have to be fabricated to replace the component 
that had produced the original spacing. Because of the 
precision required in the spacing, producing these components 
is a precise operation, requiring the efforts of a skilled 
tool-and-die machinist. On the other hand, if a numerically 
controlled boring machine is used, the group of numbers and 
code letters specifying the original spacing may be replaced 
in the memory of the machine with new characters, and the 
spacing will be changed. Program commands are frequently 
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stored on one-inch paper tape, and changing them requires the 
use of a typewriter-like tape punching machine, to punch the 
tape. 
In summary, automated equipment has the advantages over 
manually-controlled production machinery of reducing skilled 
labor costs, reducing operator variables and opportunities for 
error, reducing scrap rates and inspection requirements, 
permitting smaller tolerances, and increasing productive 
operating time per hour. Fixed automated equipment generally 
has higher hourly output than numerically controlled 
equipment, and is more suited to long runs of products that 
will change little during the production run. 
Numerically controlled equipment may be less expensive 
than specialized fixed automated equipment. Each machine may 
be adapted to a number of tasks, so a manufacturer's need may 
be met by a smaller number of machines. Numerically 
controlled machines require less special tooling and fewer 
special holding fixtures, usually allow for shorter lead time 
to production, and permit simpler modification of output. 
First demonstrated in 1953, numerical control had already 
acquired a prominent position in manufacturing operations 
throughout the world by the early 1960s (Kirkham, 1963, 
pp. 17-29). 
In an earlier study, this writer observed that Industrial 
Arts is becoming "a study of the technical systems and 
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processes [present] within our society," and that it "seeks to 
assist the individual in coping with the technical aspects of 
living" (Matthews, 1978, p. 2). Given the impact of 
automation on manufacturing industries. Industrial Arts should 
direct attention to automation as one aspect of industry in 
the world today. 
In the past, the cost of the equipment has kept school 
instruction in automated systems from providing "hands-on" 
experiences. Gillett (1973, p. 75) suggested that for a 
thorough grounding in numerical control, a school should 
provide a two-axis drill press, a three-axis vertical milling 
machine, and a two-axis lathe, each with the required 
electronic systems for numerically controlled operation, plus 
tape punches for preparing the control tapes. He estimated 
that the total cost would be about $76,000, and admitted that 
many schools would have to be satisfied with much less 
equipment. 
Goold (1977a, pp. 25-27) recommended that the selection 
of equipment be based on the objectives of the program, and 
suggested a number of options available at the time, including 
a numerically controlled vertical milling machine priced at 
$21,800, and a two-axis plotter for $3,000, each requiring a 
tape punch costing $1,000 to $4,000. Martens reported on a 
smaller numerically controlled vertical milling machine, not 
of production quality, at $8,000, plus the tape punch (1971, 
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pp. 22-23). 
Prices at these levels led Lee Smalley, a well-known 
figure in the industrial arts field during the past two 
decades, to question the necessity of giving students hands-on 
experiences in numerical control, and to wonder if some 
then-existing programs in the subject had not been instituted 
in a spirit of competition with other programs, rather than to 
meet an existing need. He suggested alternatives, such as 
films and field trips to manufacturing plants using the 
equipment, as reinforcement for concept development, and 
encouraged the development of less-expensive equipment for use 
in schools (1973, p. 25). 
Echoing these sentiments was Clark (1975, pp. 42-44), who 
decried the lack of low-cost equipment and suggested 
development of equipment incorporating programming in a 
standard format, preparation of program tapes, and verifying 
the accuracy of the students' programs in a rapid and 
inexpensive manner. 
If such devices were available at reasonable prices, more 
industrial arts programs could afford to provide hands-on 
experiences in numerical control, "without which the mystery 
•cannot be removed," according to Smith (1973, p. 22). Smith 
also reported on a survey in which a majority of educators 
indicated the desirability of production-quality equipment, if 
it could be afforded, while noting that one dissenter 
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suggested that those desiring such equipment were feeding 
their egos, rather than indicating a real need. 
With the increasing popularity and shrinking prices of 
electronic equipment, including microcomputers, the 
possibility of lower-cost alternatives seems greater than 
ever. It was to such an effort that this study was dedicated. 
Problem of the Study 
The problem of the study was to develop a moderate-cost 
numerically controlled training device which can be used in a 
high school industrial arts curriculum, and to determine the 
effects of its use on acquisition of concepts of numerical 
control and automated manufacturing, development of numerical 
control programming skills, and development of attitudes 
toward the unit of study. 
Purpose of the Study 
The purpose of this study was to develop a prototype 
numerically controlled machine which can be manufactured for 
sale at moderate cost and which will enable an industrial arts 
program to include hands-on experiences in numerical control. 
Need for the Study 
This study proposed to develop effective tools for 
teaching concepts of automation in manufacturing, using a 
numerically controlled machine for the hands-on experiences. 
That such an effort was warranted was defensible on a number 
of bases. 
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It was posited above that the study of automated 
manufacturing systems should be included in an industrial arts 
curriculum, owing to the large number of such systems in 
modern manufacturing industries. Because numerically 
controlled machines boast lower costs and greater flexibility 
than hardware automated equipment, they are the logical choice 
for inclusion. 
A number of writers offer additional encouragement for 
the inclusion of numerical control in Industrial Arts. 
Martens (1971, p. 23) felt that the inclusion of a hands-on 
numerical control experience in his curriculum improved 
motivation in the coursework. It also allowed him to combine 
efforts with the mathematics teacher in producing a special 
unit on the geometry used in numerical control which, he 
believed, improved his students' attitudes toward mathematics 
courses. Smith (1973, pp. 22-23) and Henry (1966, pp. 30-31) 
observed that effective development of numerical control 
programming skills requires understanding of basic algebra and 
geometry concepts, as well as the ability to think in abstract 
two- and three-dimensional terms. Both felt that their 
curricula were improved by the additional cognitive content 
and activities provided by the numerical control unit of 
s tudy. 
Goold (1977a, pp. 24-25) noted that a single numerically 
controlled machine can serve as the work station for a number 
9 
of students, as a single numerically controlled lathe kept 
ahead of the programming efforts of 18 students in his 
program. He also observed that, unlike some other learning 
situations, reinforcement of the students' learning is 
straightforward and unequivocal; either the student's program 
produces the desired results or it does not. 
Thus, it appears that the inclusion of a unit of study on 
numerical control in the industrial arts curriculum has a 
number of proponents, for a variety of reasons. 
Unfortunately, as noted earlier, many school systems are not 
able to provide hands-on experiences in numerical control 
because of the high cost of the equipment. For this reason, 
both Smalley and Clark encouraged the development of 
lower-cost alternatives. 
At least five studies involving lower-cost numerical 
control instruction have been reported in the literature. 
Schmidt (1966) developed a paper-tape controlled machine for 
drilling holes in a 3 inch by 4 inch printed circuit board. 
Biekert (1971) compared the effect of a unit of instruction 
that included programming and operation of a numerically 
controlled vertical milling machine with that of a unit that 
included visual media as the alternative. 
Rummell (1971) compared a unit that used a numerically 
controlled vertical mill with one that used a manually 
operated plotting table mounted on a drill press. Pine (1973) 
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compared a unit using a manually controlled plotting table 
with one using visual media. Wells (1975) described an 
adaptation of an "Etch-A-Sketch" toy to the purpose of 
simulating numerical control, but did not report on the 
results of its use. 
Schmidt's device, although fully automatic, involved a 
complicated tape punching process: on a paper tape one inch 
wide, columns of holes were assigned to tool movement and the 
drilling operation. A paper punch was used to punch holes in 
the appropriate columns, one hole per 0.1 inch of movement. 
Thus, to move the drill bit 0.5 inch to the right required 
punching five holes in the column designated "+X." 
This process is not similar to either of the 
tape-punching formats in common use, the American Standard 
Code for Information Interchange (ASCII) or the Electronics 
Industry Association (EIA), both of which usually employ a 
machine controlled directly from a keyboard or by a computer 
(Childs, 1973, pp. 81-85). In addition, the repetitive 
punching could be tedious, although the limit on maximum size 
of the workpiece would likely limit the number of holes 
desired and the applications to which the device was suited. 
Schmidt indicated that his drilling machine was suited to his 
instructional purposes but did not compare its use with 
another method. 
Biekert's study compared a unit of study using industrial 
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equipment costing in excess of $ 30,000 with a unit using 
motion pictures, videotapes, and overhead transparencies. He 
did not find statistically significant differences between 
control and experimental groups in numerical control concept 
acquisition, programming skills, or attitudes toward numerical 
control (1971,.pp. 51-52). 
Rummell's study compared a unit using industrial 
equipment, as in the Biekert study, with a unit using a 
plotting table and drill press, having students operate the 
controls manually. He did not find significant differences 
between control and experimental groups in numerical control 
concept acquisition, programming skills, or attitudes toward 
numerical control (1971, pp. 56-60). It should be noted that 
Biekert's attitude instrument had only two questions, neither 
relating to the two units of instruction, while Rummell's had 
ten questions, two of which referred to the instruction (Pine, 
1973, pp. 48-49). 
Pine's study compared a unit which included showing 
motion pictures with one which used an electrically powered, 
but manually controlled, plotting table for the hands-on 
experience. He, too, found no statistically significant 
differences in the three areas of interest, despite his using 
performance and attitude evaluation instruments of 
considerably greater sophistication than the previous writers' 
instruments (pp. 71-74). 
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It was not, therefore, possible to determine from the 
literature cited whether there are differences in numerical 
control concept acquisition, programming skill development, or 
attitude toward numerical control or instructional method 
which may be attributed specifically to the use of automated 
equipment, manually operated simulators, or visual media. 
Despite the encouragement of Smalley and Clark, it was also 
not possible to predict whether there would be instructional 
advantages or disadvantages to use of a device which was fully 
automatic, and was designed specifically for instructional 
purposes. That such an educational device could motivate, 
prompt, and reinforce the efforts of the learner and assist 
him in avoiding errors, suggested the possibility it might be 
more effective in teaching numerical control programming 
skills, concepts of automation in manufacturing, or in 
developing positive attitudes toward automation and numerical 
control, than previously tried units of instruction. This 
study proposed to develop a numerically controlled device 
which is fully automatic in operation, will carry out a 
function as similar as possible to one currently in use in 
industry, and would provide prompting and reinforcement to the 
user. 
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Research Questions 
Experimental use of the prototype numerically controlled 
machine in a unit of study dealt with three questions: 
1. Is there a difference between means of subjects in groups 
receiving or not receiving instructional use. of the prototype 
numerical control trainer, as measured by a numerical control 
concept acquisition test? 
2. Is there a difference between means of subjects in groups 
receiving or not receiving instructional use of the prototype 
numerical control trainer, as measured by a numerical control 
programming skill development test? 
3. Is there a difference between means of subjects in groups 
receiving or not receiving instructional use of the prototype 
numerical control trainer, as measured by the Finch 
Instructional Attitude Inventory Assessment? 
Assumptions of the Study 
It was assumed that: 
1. The students who were involved in the study were 
representative of American high school industrial arts 
students. 
2. The unit of instruction provided a reasonable and 
desirable experience in numerical control and automated 
manufacturing practices for the students. 
3. The instruments employed were valid and reliable as used. 
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Limitations of the Study 
Generalization of the results of this study is limited by 
the following: 
1. The sample was limited to students in high school 
industrial arts courses in the Springfield, Missouri, public 
school system. 
2. The study was carried out in vivo: experimental and 
control groups were randomly chosen from complete classes, as 
it was not possible to divide a class or to assign students 
individually to groups, nor was it possible to isolate members 
of experimental and control groups from each other during the 
course of the experiment. In addition, instruction was 
interrupted by assemblies, holidays, and individual students' 
absences on several occasions. 
3. Student characteristics, including age, grade level, sex, 
family income and occupation, race, and previous experiences 
were not controlled. 
4. The program of study and the numerically controlled router 
received considerable attention outside the experiment. Such 
attention included demonstration of the prototype machine to 
classes in other departments in the schools; a front-page 
story, with photograph, in the newspaper and yearbook of one 
school; sale of some of the machine's output to raise money 
for a Christmas basket; and inclusion of a videotape of the 
machine in operation in a local television special. 
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CHAPTER II: REVIEW OF LITERATURE 
Numerical Control 
Numerical control is a modern effort to satisfy a number 
of needs in the area of manufacturing of small lots of 
products, particularly those requiring complex or extensive 
machining. The large-volume manufacturer can justify the 
custom fabrication of a machine capable of putting out only 
one specific product at a high rate, as the cost of the 
machine may be amortized over the large number of items 
produced. He must expect a considerable delay between the 
decision to produce and the delivery of the machine. 
The manufacturer of a product whose lot size is fewer 
than 1000 likely cannot justify the purchase of a special 
machine to produce the product. One of his choices has 
always been to use machines operated and controlled by 
skilled machinists. Some skilled craftsmen are able to 
produce practically any part that may be imagined, given, 
enough time and the appropriate tools. Yet in many 
instances, the skilled labor cost that may profitably be put 
into each part is not as much as is necessary to produce the 
part using manually controlled machinery. 
The productivity of the craftsman may be increased by the 
use of part-holding fixtures, guides, and tools to reduce the 
time and manual settings required to finish the part. But 
these aids require fabrication and storage space. If more 
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than a minimal amount of machine treatment is applied to each 
part during production, considerable inspection may be called 
for, an additional expense. Rework of parts not meeting 
specifications and scrapping of parts that cannot be saved, 
further increases the cost of the production lot. 
Machinists are human and have good days and bad days, 
illnesses and family problems, and need meal and rest breaks. 
If several machinists are producing the same item, the 
variability of output quality and quantity attributable to 
human limitations will have added to it the variability 
resulting from differences among the machinists. Having a 
human operator for a machine is not without benefits, 
nonetheless. Humans can reason, exercise judgment, and 
detect errors, so are indispensable in many situations. 
The history of automated equipment having variable 
output did not begin in the area of manufacturing. In 
Holland, about 1650, a device was in use which would play 
chimes automatically. This device contained a revolving drum 
which had sockets to hold protruding pins; when the pin 
contacted a lever attached to a mechanism, the corresponding 
chime would sound. The pins were placed in patterns 
corresponding to each note in the piece to be played. 
Today's "Swiss" music boxes and rotary sequencers for pick 
and place robots and other automated equipment still use the 
rotating drum with spaced projections. 
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About 1725, the French weaver Jacquard demonstrated a 
loom for weaving intricate designs in cloth. The loom's 
operation was controlled by a pattern of holes punched in 
metal cards. As a demonstration of its capability, the 
inventor wove his own image in cloth, a task requiring some 
20,000 cards. Despite its historical appeal and ingenuity, 
this loom could not compete with the skilled weavers of the 
time, and never achieved economic prominence. 
The player piano, using a punched paper roll and air 
actuation of the keys was shown in 1863 and continued its 
development into the 1930's (Kirkham, 1963, pp. 3-4). 
Following World War II, Americans found that, in 
addition to the renewed public demand for manufactured goods, 
there also came a "Cold War," which brought a demand for more 
sophisticated military equipment. A major part of the latter 
demand was that of the armed forces, who needed large numbers 
of helicopter blades and wings for high-speed aircraft. 
Existing production methods fell short of meeting this need. 
In 1947, John Parsons, of the Parsons Corporation, began 
experimenting with new methods of controlling metal-cutting 
machinery for cutting curves and other complex shapes. In 
one early attempt. Parsons furnished computer-generated 
sequences of numbers to several men, each operating a 
handwheel of a jig borer or milling machine, and had the men 
move the handwheels accordingly. The precision and 
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complexity of shapes possible were increased, but the 
considerable increase in labor costs led Parsons to search 
for a better solution. 
Parsons then, with some success, interfaced an 
electronic control to a jig boring machine for single-axis 
control of the manufacture of templates for helicopter 
blades. He then asked the Air Force to pay some of the costs 
of the research. Parsons Corporation continued the research 
for a time, then subcontracted part'of the effort to the 
Massachusetts Institute of Technology, and ultimately MIT 
took over the entire problem (Roberts and Prentiss, 1978). 
In 1952, the first completely automated prototype was 
demonstrated. The machine consisted of a Cincinnati Hydrotel 
vertical milling machine interfaced to an ENIAC computer 
through a laboratory-built control system. It could move in 
all three axes simultaneously. The prototype was shown to 
the public in 1953, and machinery suppliers were showing 
their own prototypes at trade shows by 1955 (Luggen, 1984; 
Pusztai and Sava, 1983). 
These prototype numerically controlled machines used the 
then-current electronic control technology, which 
incorporated vacuum tubes and mechanical relays. 
Consequently the control systems were large, expensive, and 
prone to failure. Nevertheless, a number of numerically 
controlled machines was in use in American manufacturing 
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industries by 1957 (Luggen, 1984, pp. lr-2). 
Control systems were improved by the use of miniature 
vacuum tubes in the late 1950s, transistors in the 1960s, 
integrated circuits in the 1970s, and very large scale 
integrated circuits and microprocessors in the late 1970s 
(Triebel, 19%9, pp. 2-9). Each of these improvements brought 
reductions in size, reduction in purchase price and 
operation, and increases in reliability, further enhancing 
the appeal of the technology. 
While the prototype numerically controlled milling 
machine at Massachusetts Institute of Technology was directly 
connected to a main-frame computer, the majority of 
production machines incorporated electronic control systems 
capable of reading punched paper tape and operating their 
machines alone. In instances in which a manufacturer wished 
to extend the capabilities of his machines, an arrangement 
called "direct numerical control," or "DNC," was developed, 
whereby the controller was directly connected to a main-frame 
computer, often along with a number of other numerically 
controlled machines. This arrangement had the limitation 
that the numerically controlled equipment would be unusable 
when the main-frame computer was required for other tasks or 
was out of service for a period of time. 
Accompanying the advances in electronics was a 
development called "computer numerical control," or "CNC," in 
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which a minicomputer or advanced microcomputer is made a part 
of the control system of a numerically controlled machine. 
In these systems, each machine has its own complete control 
system, so several machines are not dependent on a single 
control system. The most modern of these machines are 
capable of machining shapes incorporating elaborate curves 
and angles, in addition to straight lines paralleling the 
coordinate axes. 
Added benefits of the use of numerically controlled 
equipment over manually controlled equipment in the 
production of small to medium lots are several. Between the 
decision to produce and the start of production will be a 
reduction in the lead time required, because of the ability 
of the numerically controlled equipment to use standard 
tooling and part-holding fixtures in the majority of cases; 
the time and expense associated with fabricating special 
holders and tools is not present, nor is there the necessity 
of storing these devices once the lot is finished, in case 
production is to be resumed at a later time. Additional time 
may be saved if a part similar to the one proposed has been 
produced in the past, as the program for the similar part may 
be adapted to the new part, rather than having to write the 
new program in its entirety. 
The added benefits of numerical control continue once 
production is begun. If the program has been written 
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carefully and well, it is likely that the productivity of the 
operation will be superior, because the tool may be 
programmed to be in contact with the workpiece a greater 
portion of the time. There are no delays while the machinist 
stops to look at the blueprint to see what operation should 
be performed next. Since the movements of the machine are 
controlled by the electronic components, the variability 
associated with human operation is eliminated. In many 
applications, only the first part is completely inspected, 
and following parts are expected to be identical, with 
differences no greater than the repeatability of the machine. 
Thus the scrap rate and expenses of inspecting and reworking 
out-of-specification parts are reduced, and the quality of 
the output is increased. 
Additional savings through the use of numerically 
controlled equipment may result from an operator's being able 
to monitor more than one machine at a time and through 
extension of tool life because of closer control of depth of 
cut, feedrate, and spindle speed, as well as elimination of 
inadvertent contact between tool and obstructions. 
Numerical control is not used without cost. The cost of 
a numerically controlled machine is greater than that of the 
corresponding manually controlled machine by the cost of the 
required electronic and mechanical components. Additional 
expenses may include the training of programmers and 
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protected from surges and spikes, and control of temperature 
and humidity in the machine's area. Tools used for 
numerically controlled equipment must be of good quality and 
minimum variability, so that replacing a worn or broken tool 
does not require a new set-up of the machine. Tools should be 
chosen for rigidity, since deflection will degrade the 
accuracy of the cut. Reliability of the entire system is also 
a concern; if the machine breaks down and is unusable for any 
reason, its output stops, while overhead and labor expenses 
continue. 
Finally, one should remember that numerically controlled 
equipment is not magical. The equipment is not capable of 
machining operations beyond those expected of manually 
controlled machines of similar horsepower and design. If a 
numerically controlled machine is observed removing more metal 
in a day than a similar manually controlled machine, it is 
probably because the numerically controlled machine tool is in 
contact with the workpiece a larger portion of the time during 
the day. If the output of the numerically controlled machine 
has less variability from part to part, it is likely because 
the positioning accuracy of the control system makes fewer 
errors than a human turning the crank on a leadscrew. 
Industrial Arts 
A Western Arts Association committee described the 
concept and purposes of Industrial Arts in a report issued in 
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1933, in the following fashion; 
Industrial arts is one of the Practical Arts, a form 
of general or non-vocational education, which provides 
learners with experiences, understandings, and 
appreciations of materials, tools, processes., products 
and of the vocational conditions and requirements 
incident generally to the manufacturing and mechanical 
industries. 
The subject of Industrial Arts belongs peculiarly 
within junior and senior high school areas for such 
purposes as exploration, guidance, the development of 
avocational and vocational interests and aptitudes, 
specific manual abilities, desirable personal-social 
traits growing out of industrial experiences, ability to 
choose and use industrial products wisely, all coupled 
with the .aesthetic relationships involved. In general 
its purposes are educationally social rather than 
vocationally economic, although in the senior high school 
it may increasingly emphasize vocational objectives in a 
non-legal sense, for certain students (Warner et al, 
1933, p.27) 
Industrial Arts in the United States is the derivative of 
a number of movements. From the time of Christ until the 19th 
century, the apprenticeship system had been in use. In this 
system, an agreement would be reached with a master craftsman 
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that a young man would learn the craft from the master for a 
period of years, and upon successful completion, he would be a 
journeyman in the craft. This practice was brought to America 
and used for several decades. It declined in importance and 
had fallen from favor before the mid-point of the 19th century 
(Barlow, 1967, p. 33). , 
Recognition of the need for improvement in practical 
education of young men and the response to it came from a 
number of quarters. The Boston Asylum and Farm School was 
founded in 1814, for the education of orphaned boys. Each boy 
studied a basic academic course in addition to learning a 
trade. 
Mechanics institutes put their major emphasis on the 
vocational needs of young men. Such institutes included the 
Franklin Institute, founded in Philadelphia in 1824; the 
Maryland Institute, founded in Baltimore in 1826, and the San 
Francisco Mechanics Institute, founded in 1854. 
The Society for Promoting Manual Labor in Literary 
Institutions was organized in 1831, to encourage academically 
oriented schools to provide manual labor experiences during 
their out-of-class times. R.J. Buchanan proposed that 
"Education should be a preparation for life and should be like 
the life to which it prepares." 
The Morrill Act, passed in 1862, resulted in the 
establishment of agricultural and mechanical colleges. 
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although it was observed that the authors of the legislation 
may not have had a clear conception of the type of school they 
were authorizing. In many cases, the colleges so founded did 
not have as their "leading object...to teach such branches of 
learning as are related to the agriculture and mechanic 
arts..." (Barlow, 1967, pp. 25-28, 32). 
Manual training was also seen as a useful enhancement of 
an engineering education. Calvin Woodward was principal of 
the 0'Fallon Polytechnic Institute at the time of its 
incorporation into the engineering department at Washington 
University in St. Louis, and became dean of the department. 
Early in his tenure at Washington University, he discovered 
the engineering students lacked the skills necessary for 
constructing wooden models to demonstrate mechanical 
principles. By 1871, a workshop was equipped for student use, 
under the supervision of Woodward and the university 
carpenter, Noah Dean. Recognition of the benefits of this 
addition to the curriculum was so great that the original 
laboratory was replaced by a larger one six years later. 
Woodward continued at Washington University and in 
frequent presentations to community groups advanced the idea 
that manual skills, mechanical processes, and tools in common 
use should be incorporated into a systematic course of 
instruction, which would become part of the general education 
of the community. He proposed the slogan, "Put the whole boy 
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in school," and suggested that the excessive dropout rate of 
the high schools was the result of emphasis on the classical 
curriculum then in vogue. 
John D. Runkle became president of Massachusetts 
Institute of Technology in 1870. In June, 1876, he and a 
group of students and faculty members spent two weeks at the 
Centennial Exposition in Philadelphia. While there, Runkle 
found the display from the Imperial Technical School of Moscow 
tucked away under a staircase. This display was a 
demonstration of the method used to teach woodworking skills 
to persons who would be building boxcars for the 
Trans-Siberian Railway. 
Runkle had also been pondering the problem of teaching 
practical skills to engineering students. He found in this 
display a method of teaching a moderate amount of skill in a 
reasonable time. The features of the display were reported by 
Runkle as (1) separating instruction areas from construction 
shops; (2) carrying out only one kind of work in each shop; 
(3) providing and equipping as many work stations as the 
teacher could reasonably handle during the laboratory period; 
and (4) balancing the instruction in each skill with the 
difficulty of the operation to be taught. Runkle likened the 
instruction provided in this manner to that provided in 
chemistry or physics lectures and laboratories, indicating 
that the relationship between the theoretical and practical 
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should be the same, whether science or manual arts. 
Arguments in favor of the addition of manual training to 
the high school curriculum were propounded by other well-known 
educators, such as John Dewey and G. Stanley Hall. Proponents 
of manual training noted that high school graduates were not 
well-prepared to earn a living and that many of the educators 
of the time weçe not concerned (Barlow, 1967, p. 40; 
Luetkemeyer, 1983, p. 3). 
Opponents were also quite verbal. William T. Harris, 
U.S. Commissioner of Education 1889-1906, wrote "No parent 
would prefer to have his children know how to work skillfully 
in preference to knowing how to behave morally, and how to act 
according to the accepted code of manner" (1886, p. 608). He 
noted that manual training "was first defended on the 
preposterous ground that it is educative in the same sense 
that arithmetic, geography, grammar and natural science are 
educative" (1891, p.201). 
World War I found America with a severe shortage of young 
men with mechanical skill and technical and scientific 
knowledge. The needs of the military as well as supporting 
industries for such personnel greatly aided those seeking to 
incorporate manual training into general education. In 1918, 
the U.S. Department of the Interior, Bureau of Education, 
published a circular which stated in part, "The demand for 
large numbers of young people having some practical mechanical 
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ability is so great that no school should hesitate to do what 
it can in any line of technical and mechanical instruction for 
which it has, or can secure, the necessary equipment and 
teachers" (Barlow, 1967, p. 241). 
During the war, industrial arts classes also engaged in 
production of items and support services. Students set up 
production of checker boards and pieces, painted names and 
insignia on trunk tops, and built game tables for military 
quarters and recreational areas. Industrial arts classes 
worked together producing some thirty thousand chairs and ten ' 
thousand tables for homes in areas of France heavily damaged 
by the fighting. P. P. Claxton, U.S. Commissioner of 
Education, encouraged schools to remain in session during the 
summer of 1917 to continue such production and to encourage 
development of skills that would be useful after the war 
(Barlow, 1967, pp. 243-244). 
Barlow notes that confounding the understanding of the 
history of industrial arts through this period are changes in 
terminology and the absence of a clear division between 
industrial arts and vocational education. The term "manual 
training" was often used during the fourth quarter of the 
nineteenth century to refer to the practical component added 
to general education. Starting in the mid-1890s, "manual 
arts" pointed to the addition of design as an element of the 
study. "Industrial arts" was first used shortly before World 
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War I, to imply changed emphasis from handwork to materials 
and processes used in industries. Further, these terms are 
used interchangeably by some sources and specifically by 
others (p. 240). 
The distinction between manual activities enhancing 
conventional studies and vocational training is unclear 
because many elements treated in depth in vocational study are 
subjects for exploration in industrial arts. Vocational 
guidance might legitimately be a part of industrial arts; the 
vocations, themselves, might be selected by the student, and 
the training in the vocation might be administered by the same 
teacher, in some surroundings. In the final analysis, the 
greatest difference between the two areas is that vocational 
education's purpose is to train persons in the skills and 
knowledge required for entry into a particular trade or 
position, while industrial arts does not include this as an 
objective. 
Following World War I, came a time during which a major 
emphasis was on the creation of "projects," as opposed to the 
carrying out of "exercises." The objective of the exercise 
was the development of skills without concern for the utility 
of the workpieces at the conclusion of the exercise. For 
example, a student might learn to use a brace and bit by 
drilling holes in a pine board. At the end of the exercise, 
he would have a board with numerous holes and a floor area to 
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be swept. 
This project period in industrial arts history was 
referred to by some as "the bird house era." The bird house 
became popularized because of a national interest in birds, 
encouraged by the National Association of Audubon Societies. 
Building a bird house contained the elements of skill 
development in woodworking, plus research and problem-solving 
efforts, if the student took seriously the objective of 
designing the house to fit the needs of a particular species 
and to be unappealing to other species. The size of the 
entrance, how and where to hang the birdhouse, and how the 
house might be cleaned at the end of a season are all 
questions to be answered by the designer (Barlow, 1967, 
pp. 256-266). 
By 1940, the bird house era was drawing to a close. 
Preparations for the second world war had begun, and the needs 
of national defense were being considered. Industrial arts 
programs supported the military in this war, as in the 
previous. Many programs added the concepts of flight to their 
curricula, as the students fabricated realistic models of 
modern aircraft to be used for recognition training by 
anti-aircraft gunners and fighter pilots. Courses in 
electricity and power were added to help meet the national 
need for technically skilled personnel. Enrollment of girls 
in industrial arts courses increased dramatically. 
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In December, 1943, the American Vocational Association 
appointed an industrial arts planning committee, charging it 
with the responsibility of developing recommendations for 
industrial arts programs across the country. Their report was 
noteworthy because of the recommendation that aircraft 
education be added to industrial arts, as the world moved into 
the air age (Barlow, 1967, p. 278). 
Following the war came the Cold War and the Space Age, 
each increasing the need for technicians and intensifying the 
oratory regarding the path to be followed by education in 
America. During this period, numerous proposals for programs 
in industrial arts were offered. Elements common to many 
proposals were career education and exploration, technology 
education, problem-solving skills, coping skills, consumer 
knowledge, production technology, and industry in America. 
Others proposed that industrial arts should complement 
coursework in science and mathematics in the schools. Quite 
rare were new curriculum plans emphasizing development of 
manual skills (Foster and Kozak, 1986; Waldrop, 1984). 
A criticism levelled at industrial arts programs 
nationwide is that the majority emphasize the development of 
obsolete skills or skills of limited utility, usually in the 
areas of woodworking, metalworking, and drafting. It is 
pointed out that in some schools, the activities have not 
changed significantly in the past 60 years, despite periodic 
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revision of labels, stated objectives, and presumed benefits 
of the work (Sinn, 1985, p. 2y Waldrop, 1984). Herschbach 
noted that many students register for industrial arts so they 
can "make things," but that most projects attempted are 
sufficiently prescribed and planned that no significant 
learning is necessary to complete them (1984, pp. 27-28). 
Other areas receiving attention have been the tendency 
for industrial arts programs to be disproportionately 
populated by less-qualified students and students'with 
discipline problems, and the lesser status accorded the 
subject, in comparison with science, English, or mathematics. 
Wright observed that even many parents and school 
administrators regard industrial arts as a program for 
academic non-achievers (1984, p. 1). 
A number of sources has recommended discontinuance or 
replacement of such traditional industrial arts curricula 
because of their limited applicability to life or industries 
of the present; development of avocational skills is not 
regarded as a worthy use of school time. A replacement 
recommended frequently is a study of industrial technologies. 
Sinn pointed out there is no opportunity for students to 
relate to the industrially important concepts of 
cost-effectiveness, productivity, efficiency, and automated 
equipment when projects are produced individually, using 
manually controlled equipment (1985, pp. 2-3). Wolf observed 
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that 75% of the output of manufacturing industries in the 
United States is from batch production, most often in lots of 
20-1000 pieces (1984, p. 11), and encouraged study of such 
production methods. 
Therefore, it is evident there are formidable arguments 
in favor of the study of modern production methods by all 
students, to give them an understanding of the nation beyond 
their doorsteps. The addition of a numerically controlled 
machine would make it possible for a hands-on experience to be 
gained by the students. 
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CHAPTER III: METHOD 
Purpose of the Study 
Research and development 
This study was undertaken to develop a machine which 
could be used to provide a realistic experience in the 
operation of a numerically controlled machine at moderate 
cost. The machine was designed to be used in the high school 
industrial arts laboratory. 
Initial objectifies were that the students' tasks in 
programming would be simplified as much as possible and that 
the machine would be totally automatic in operation, once 
started. It was planned that the system would be controlled 
by a small microcomputer which would accept the students' 
input and convert it to the form needed for operation of the 
numerically controlled machine, as this appeared to be the 
simplest and least expensive means of reaching the 
objectives. 
Demonstration of effects 
The development of the machine was followed by a study 
of the effects of its use in a high school industrial arts 
curriculum on the students' acquisition of numerical control 
and automated manufacturing concepts, on their development of 
numerical control programming skills, and on their attitudes 
toward numerical control and the unit of study. 
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Prototype Development 
Design of the prototype machine 
Early in the planning stage, it was decided that the 
machine would simulate the operation of a two-axis 
numerically controlled router or milling machine. This 
selection was made because such machines were in common use, 
because of the intuitive appeal and simplicity of the 
machines when compared with a numerically controlled lathe, 
I 
because drill presses which could be adapted to the use were 
readily available, and because the machine could be moved 
from place to place more easily than could a lathe. There 
was also a subjective impression that the milling or routing 
operation would have more appeal to the potential users than 
a drilling machine or pen plotter. 
Construction of the prototype machine 
The machine was based on a Craftsman bench-top drill 
press. A stepping motor was attached to the quill feed and a 
router bit holder replaced the chuck. An accessory plotting 
table workpiece holder was fabricated and mounted on the 
drill press work table. The plotting table was equipped with 
lead-screw mechanisms to move the workpiece along the "X" and 
**Y" axes under the router bit, and stepping motors were 
attached to power the lead-screws. Construction drawings of 
the plotting table design are included in Appendix A, and 
photographs of the entire unit are found in Appendix H. 
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Design of the computer interface 
The initial plan called for the modified drill press to 
be interfaced to a "single-board" computer assembled from a 
kit. However, after much experimentation and in consultation 
with a colleague who was working with a similar unit, it was 
decided to abandon the kit unit in favor of a personal 
computer, the Commodore PET 2001-32N, which was equipped with 
an interfacing port. 
The interfacing electronics consisted of an electrically 
isolated connection to the microcomputer for transferring its 
control signals, a pulse generator and other logic circuitry 
to convert the computer's signals to the pattern needed by 
the stepping motors, amplifier circuits to increase the 
current and voltage levels of the signals, and the necessary 
power supply. The electronic circuitry and power supply were 
standard applications and did not require extensive design 
and testing. Schematic diagrams of the interface are 
included in Appendix B. 
Development of the computer program 
The Commodore PET microcomputer possesses a number of 
capabilities which had not been anticipated at the inception 
of the design, including graphic screen display and a more 
elaborate implementation of the BASIC computer language than 
the kit unit which the PET replaced. These features allowed 
the inclusion of an interactive tutorial segment in the 
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program and low-resolution graphic verification of the 
students' programming efforts. 
The computer program consisted of an introductory 
section, in which the capabilities of the system were listed 
and the student was asked whether he would enter his 
numerical control data from the keyboard or from a previously 
recorded cassette tape. If the student chose keyboard entry, 
he was given the option of receiving a short tutorial on 
numerical control programming practices, as implemented in 
the prototype unit. Then the student could enter his entire ' 
data set at once, or only a part at a time. Following the 
data entry, the student could choose to have the computer 
check his entry for instances in which the tool was 
programmed to travel beyond the edge of the workpiece and 
indicate the point in the data at which this had occurred. 
(Travel of the plotting table, itself, was limited to the 
size of the workpiece by microswitches mounted on the table, 
to minimize the consequences of programmer error.) A listing 
of the computer program is found in Appendix C. 
After the student had entered as much data as he or she 
chose, a menu of options was displayed. The first option was 
to use the screen graphics feature to display the results of 
carrying out the numerical control data blocks. One command 
allowed him to display only the cuts in the workpiece that 
would result; another would display the movements of the tool 
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during non-cutting periods, also. 
A second menu option was to display the numerical values 
entered to that point, for correction or modification. Upon 
leaving this option, the student could, again, choose to 
verify that he had not programmed tool movement beyond the 
edge of the workpiece, and return to the option menu. 
A third option allowed the student to add more data 
blocks and, again, to check for off-workpiece errors. 
When the student's data entry was complete and 
satisfactory, he could save his data on a cassette tape and 
run the program on the numerically controlled router. 
Directions were given for positioning and clamping the 
workpiece, turning on the power switches, and ordering the 
computer to operate the router. During operation, the 
machine could be stopped by pressing any key on the keyboard 
of the computer or by operating a large red switch mounted 
prominently on the drill press. Operation of the unit could 
be restarted at the stopping point, if desired. 
Research Questions and Hypotheses 
Student concept acquisition 
Is there a difference between means of subjects in 
groups receiving or not receiving instructional use of the 
prototype numerical control trainer, as measured by a 
numerical control concept acquisition test? 
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tiQ: u'^ = u'g, where is the adjusted mean numerical 
control concept acquisition score of subjects receiving 
numerical control trainer instruction in addition to lecture 
and demonstration methods, and u'2 is the adjusted mean 
numerical control concept acquisition score of subjects 
receiving only lecture and demonstration methods of 
instruction. 
The hypothesis was tested at the 90% confidence level 
using the Jt statistic for the equivalent hypothesis that the 
standardized regression coefficient for the weight of a 
predictor variable coded 0 and 1 for group membership did not 
differ significantly from 0. The hypothesis that B = 0 was 
tested with the contribution of pretesting, school attended, 
and interaction of experimental/control group, pretesting, 
and school attended interaction partialled out. The full 
model was 
Yi = BQ + + BgXg + 83X3 + 84^1*3 ®5^2^3 
= 1 if experimental group 
Xg = 1 if pretest group 
X3 =» 1 if School 2 
The alternate hypothesis is u'^ ^ u'g. 
Student skill development. 
Is there a difference between means of subjects in 
groups receiving or not receiving instructional use of the 
prototype numerical control trainer, as measured by a 
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numerical control programming skill development test? 
HQ: U'J^ = u'g, where u'^^ is the adjusted mean numerical 
control programming skill development score of subjects 
receiving numerical control trainer instruction in addition 
to lecture and demonstration methods, and u'2 is the adjusted 
score of subjects receiving only lecture and demonstration 
methods of instruction. 
The hypothesis was tested at the 90% confidence level 
using the t statistic for the equivalent hypothesis that the 
standardized regression coefficient for the weight of a 
predictor variable coded 0 and 1 for group membership did not 
differ significantly from 0. The hypothesis that B = 0 was 
tested with the contribution of pretesting, school attended, 
and interaction of experimental/control group, pretesting, 
and school attended interaction partialled out. The full 
model was 
Yg = Bg + B^X^ + BgXg + B3X3 + B^X^Xg + B5X2X3 
X^ = 1 if experimental group 
Xg = 1 if pretest group 
Xg = 1 if School 2 
The alternate hypothesis is u'^^ ^ "'2* 
Student attitude development 
Is there a difference between means of subjects in 
groups receiving or not receiving instructional use of the 
prototype numerical control trainer, as measured by the Finch 
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Instructional Attitude Inventory Assessment? 
hg: u'j^ = u*2> where u'is the adjusted mean Attitude 
Inventory score of subjects receiving numerical control 
trainer instruction in addition to lecture and demonstration 
methods, and u'g is the adjusted mean Attitude Inventory 
score of subjects receiving only lecture and demonstration 
methods of instruction. 
The hypothesis was tested at the 90% confidence level 
using the t statistic for the equivalent hypothesis that the 
standardized regression coefficient for the weight of a 
predictor variable coded 0 and 1 for group membership did not 
differ significantly from 0. The hypothesis that B = 0 was 
tested with the contribution of pretesting, school attended, 
and interaction of experimental/control group, pretesting, 
and school attended interaction partialled out. The full 
model was 
^ + BgXg + + B^X^X^ + BgXgX^ 
X^ = 1 if experimental group 
Xg = 1 if pretest group 
Xj = 1 if school 2 
The alternate hypothesis is u'^ ^ "'2* 
Variables of the Study 
Treatment variable 
The treatment variable was the use of the prototype 
numerically controlled router in the unit of study of 
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numerical control and automated manufacturing. Control 
groups received additional drill and reinforcement on 
numerical control concepts and programming practices. 
Outcome variables. 
There were three formal outcome variables. The first 
was acquisition of numerical control and automated 
manufacturing concepts, as measured by the posttest. The 
second was development of numerical control programming 
skills, also measured by the posttest. 
The third outcome variable was development of positive 
attitudes toward numerical control and the unit of study, as 
measured by the Finch Instructional Attitude Inventory. 
A fourth outcome variable, successful completion of the 
programming assignment and production of a part using the 
numerically controlled router, was observed but not evaluated 
formally. 
Control variables 
Control variables included possible differences in the 
students' previous knowledge of numerical control concepts 
and programming practices, both of which were evaluated by 
the pretest, and differences among groups because of 
differences in schools attended. 
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Population and Sample 
Population 
The population of interest consisted of present and 
future students in high school (grades 9 through 12) 
industrial arts classes in the United States, particularly 
those enrolled in coursework related to manufacturing 
technologies or metals. 
Sample 
The sample was drawn from classes in three of the five public 
high schools in Springfield, Missouri, during the school year 
1981-1982. The schools were selected by the Coordinator of 
the Industrial Arts Programs, who indicated which high 
schools' facilities and schedules could accomodate the unit 
of study. 
Although efforts were made to avoid biasing the sample 
unnecessarily, because of the limitations imposed on the 
sampling procedure, claims that the sample is representative 
of the population must be restricted. 
Procedures of the Study 
Acquiring teacher participation 
The Coordinator of Industrial Arts Programs was 
contacted early during the 1981-1982 school year, and the 
nature and requirements of the study were discussed with him. 
He suggested that the industrial arts laboratories in two of 
the five Springfield public high schools would not easily be 
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used for the experiment, but that the other three would be 
suitable. With his assistance and the prior agreement of the 
principals of the high schools to be affected, a proposal was 
presented to the Springfield Board of Education that the unit 
of instruction on automated manufacturing and numerical 
control be implemented in the three schools. After approval 
of the proposal, the Coordinator and the experimenter 
contacted the industrial arts teachers in the high schools 
involved and arranged scheduling of the class sections for 
the experiment. 
Because of limitations of facilities and personnel, it 
was not possible to divide a single class section into 
experimental and control groups in any school, nor was it 
possible to administer an instrument to a part of a class 
section; it was necessary to treat each class section as a 
whole. Classes were selected at random for inclusion in the 
groups of the Solomon Four-Group design, in the approximate 
ratio of two experimental groups to one control group. In 
the cases that there were two sections of one subject among 
the classes involved at a school, one of the sections was 
randomly assigned to be a control group, and the other an 
experimental group. Other than this, there was no effort or 
opportunity to provide matching of groups. 
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Pilot studies. 
Two pilot studies were run. The first was carried out 
in the Laboratory School at Southwest Missouri State 
University, with a class of seven students. During this 
study, it was found that the vocabulary used in the written 
materials and in the computer's prompting of the students 
needed simplification for better understanding by the high 
The materials were modified while preparations were being 
made for the second pilot study. 
The second pilot study involved two woodworking classes 
in one of the public high schools scheduled for the 
experiment. In this study, it was found that the classroom 
presentations adapted from the Fine study and used in the 
previous pilot study required modification for use with 
classes of 24 to 28 students. 
Conducting instruction 
The unit of study consisted of four days of structured 
classroom presentations, followed by six or seven days of the 
students' working individually writing programs for the 
numerically controlled router and using it. 
On the first day, the students were introduced to the 
concepts of numerical control and automated manufacturing, 
were given a short explanation of the ways a numerically 
controlled machine may be programmed, and were shown the 
prototype numerically controlled router in operation. 
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performing the task of routing the name of the school's 
athletic team on board. During the demonstration, the system 
was operated by a student volunteer who had never seen the 
unit before, with the intent of inspiring confidence among 
the students. Students' questions about the unit of study 
were answered and the experimenter's expectations of the 
students were stated. 
The students would be expected to participate in 
discussions of conceptual and practical aspects of numerical 
control and other forms of automated manufacturing, and to 
take a multiple-choice examination over the material. Each 
student would write a program for the prototype router which 
would create a design equal in complexity to four letters of 
the alphabet. In addition, some of the classes would take a 
pretest, and all would complete an instructional attitude 
evaluation, but these latter would not be considered in 
computing the students' semester subject grades. 
On the second day, the pretest, consisting of alternate 
items from the posttest, was administered to the sections 
that were to receive it, and the conceptual material related 
to numerical control and automated manufacturing was begun. 
During the presentation, references were made to 
mass-production methods commonly known to be in use in 
industries in and near Springfield, Missouri, to assist the 
students in recognizing the practical significance of the 
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material being discussed. 
On the third day, the material previously discussed was 
reviewed and the discussion of the conceptual material was 
concluded. At this point, a written summary of the material 
was given to the students. The steps in the process of 
writing a program for a numerically controlled machine were 
described, and programs for routing volunteer students' names 
were written on the chalkboard. The students were then 
allowed to calculate the numerical values for the program 
blocks for themselves, and these values were written on the 
chalkboard as they were given. Occasional disputes over a 
value were moderated by the classroom teacher or 
experimenter, as needed. 
The fourth day also began with a review. Additional 
letters of the alphabet were programmed on the chalkboard, 
and grid paper was passed out for the students to use in 
drafting their designs. Some time was available for 
individual work on designs in most class sections, after 
which the materials were collected from students who did not 
wish to take them home to work on them. Because some 
teachers had announced at the beginning of the school year 
that there would be no homework in their classes, it was 
decided that assigning homework would likely be unproductive. 
Class days five through eight began with reviews; then 
students were assisted with their independent development of 
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numerical control programs. Usually by this time, some of 
the students had completed their programs. These students 
were paired and each verified the accuracy of the other's 
program, after which members of the experimental groups began 
entering their data into the computer. Members of the 
control groups received extra assistance during this period, 
# 
to assure that their programs and concept understanding were 
correct. There was an unannounced quiz over the previously 
discussed material, administered on day five or six. Use of 
the scores on this quiz was left to the discretion of the 
classroom teacher. 
On day ten or eleven, depending on the progress of the 
class, the Finch Instructional Attitude Inventory was 
administered. After the students had completed the 
instrument and a short review, the few students who had not 
completed their projects on the router went back to their 
independent efforts, while others were permitted to begin 
second projects to be run outside class time or to return to 
their regular classwork for the remainder of the period. 
The following day, the posttest was administered. After 
the posttest, the control groups were allowed to run their 
programs. Regular use of the numerically controlled 
prototype router by members of control groups and by students 
in both groups desiring to make more than one project 
continued two to three weeks following the posttest in each 
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school. 
Data collection 
As noted above, the pretest was administered on the 
second day of instruction, the Finch Instructional Attitude 
Inventory on day ten or eleven, and the posttest the 
following day. 
Data analysis 
After the posttests had been administered, an item 
analysis was performed on the conceptual and programming 
parts of the posttest. Items in each part not adding 
significantly to the reliability of that part of the posttest 
were deleted from both the pretest and the posttest 
instruments for scoring purposes, and scores of members of 
pretest classes who had not taken both pretest and posttest 
were removed from the analysis. The pretest and posttest 
scores on the most reliable items of members of groups 
receiving pretests were matched, and these were analyzed to 
determine whether there was a gain from pretest to posttest. 
A multiple regression analysis was performed on the 
revised pretest scores to determine the effects on each part 
of school attended, control group vs. treatment group 
membership, and the combination of school attended and 
treatment group membership. 
Similar multiple regression analysis was performed on 
the posttest and Finch Instructional Attitude Inventory 
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scores to determine the effects of school attended, pretest 
vs. no pretest, control group vs. treatment group membership, 
plus combination effects. 
Unanticipated Events 
Student interaction Because of facility limitations, 
it was not possible to prevent the control groups members' 
mingling with members of the experimental groups or being 
able to observe the numerically controlled 
router in use. In two schools, the machine was in a 
laboratory to which all industrial arts students had access; 
in the third, the machine was separated from them only by a 
glass partition. Further, a few members of control groups 
managed to gain access to the numerically controlled router 
outside class times during periods allotted to members of 
experimental groups. 
School schedules The sequence of instruction was 
interrupted a number of times, particularly in School 3, by 
assemblies and vacation days. Because the assemblies 
interrupted only some of the class periods, keeping the 
groups progressing at the same rate through the instructional 
sequence was not always possible. 
Teacher support With one exception, the six teachers 
involved were enthusiastic participants and put forth effort 
considerably beyond the expectations of the experimenter in 
an attempt to make the unit of instruction a success. The 
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single exception was a teacher who did not regard the unit of 
instruction as consistent with the objectives of his course, 
and who was participating only as an accommodation to the 
Coordinator of Industrial Arts. 
Publicity Knowledge of the presence of the equipment 
spread considerably beyond the Industrial Arts Department in 
each school. In one school, representatives from both the 
school newspaper and yearbook visited the department early in 
the unit of study. A picture of the experimenter and the 
equipment appeared in a lengthy article on the front page of 
the school newspaper. A similar picture and short 
description appeared in the yearbook. In addition, plaques 
produced on the router outside class time and without the 
experimenter's knowledge were sold to raise money for a 
Christmas basket. 
During the time the unit of instruction was being 
presented at School 3, a locally produced program on an 
educational channel showed a videotape of the operation of 
the numerically controlled router and a panel discussion by 
the experimenter and two other members of the faculty at 
Southwest Missouri State University. 
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CHAPTER IV: FINDINGS 
The results of the experiment are divided into the 
components of development of the prototype numerical control 
trainer and its experimental instructional use in schools. 
Research and Development Phase 
Objectives 
At the outset, a number'of objectives for the prototype 
had been specified. ^  Those important to the educator 
included: 
1. That the cost of the unit would be substantially lower 
than other numerical control training equipment available. 
2. That data would be entered into the unit in decimal 
notation. 
3. That the student would need only limited amounts of 
technical and computer operation knowledge to operate the 
unit. 
4. That the table attachment could be removed from the drill 
press quickly and easily, so that the drill press could be 
used for other purposes. 
5. That the table attachment could be operated as a plotter 
while removed from the drill press, so it could be used to 
verify the accuracy of a numerical control data set without 
tying up the drill press or consuming the wood or plastic 
work pieces. 
Additional objectives related to the prototype hardware 
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included: 
1. That installation and removal of the table attachment 
would require only common hand tools. 
2. That the several electrical connections required would 
have connectors selected so that incorrect connections would 
not be possible. 
3. That as much as possible of the unit would be built of 
common hardware and parts, using tools available in the 
industrial arts laboratory, to reduce costs. 
4. That there would be an "emergency stop" switch, so that 
all moving parts could be stopped by operating a single 
control. 
5. That all applicable safety considerations would be met. 
Costs of hardware 
The prototype system might be replicated for approx­
imately $2155.00 in parts, as summarized in Table 1; 
virtually all labor was provided by the experimenter or 
donated by friends and family, so no estimate of its value is 
made. The least expensive trainer for numerical control 
found on the market at that time was a two-axis plotter which 
sold for $3000.00 and which required a separate tape punch 
(Gould, 1977, pp. 25-27). 
Evaluation of options in the design process required 
assembling some of the options, often with salvaged parts or 
with parts later used for another purpose. With the 
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exception of approximately $ 750.00 invested in the computer 
kit that was found to be unsuitable, it was generally not 
possible to estimate the cost of materials obtained for the 
evaluation process but not used on the prototype. 
Table 1. Costs of components used in the prototype unit 
PET 2001-8N Microcomputer and cassette drive $825.00 
Upgrade PET to 32K-bytes of memory 400.00 
Metal plate and mechanical hardware for table 180.00 
Stepping motors (3), including shipping 125.00 
Electronics parts for interface and power supply 175.00 
Drill press (estimated replacement cost) 450.00 
Total $2,155.00 
Computer program development 
The objective of having student data entry in decimal 
arithmetic was accomplished by writing the major part of the 
computer program in the Microsoft BASIC computer language, as 
implemented in the Commodore PET computer. Increments of 
machine movement were entered in decimal form, and converted 
by the computer program to the numbers required for machine 
operation. 
After experimentation and modification, the tutorial 
segment of the computer program was found to be nearly self-
explanatory, requiring essentially no computer expertise of 
the user, although some students found searching the 
typewriter-like keyboard a trying experience. Once their 
data sets had been written, most student users entered their 
55 
numerical control data sets and operated the router without 
direct supervision from the experimenter or the classroom 
teacher, one of whom was always nearby. That the objective 
of requiring limited computer knowledge had been met was 
realized when on more than one occasion, persons who were not 
members of the classes receiving instruction in numerical 
control were able to develop data sets of their own and enter 
them into the computer without assistance, during' times the 
computer was not being used by a class. 
Hardware development 
The objective of being able to remove the numerical 
control table attachment from the drill press easily was 
implemented, but was found useful only when it was necessary 
to move the trainer from one location to another. Because 
the drill press is not a major part of the total cost of the 
system, having it usable when separated from the system may 
be valuable only in schools having limited laboratory space 
or equipment. 
When the objective of designing the table attachment to 
be operable while removed from the drill press was written, 
the experimenter envisioned that a pen-holder might be fabri­
cated to draw on a sheet of paper taped to the table, so that 
possible errors in a student's data set might be revealed. 
However, it was found that the screen graphics capabilities 
of the Commodore PET computer allowed the student to view the 
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result of his data set in a minute or less, while drawing the 
program using the plotting table and a pen would require as 
much time as would running the router cutting the part. 
Accordingly, this capability was not used during the data 
collection phase. 
It was found possible to construct the machine so that 
its assembly and disassembly required only common hand tools, 
and electrical connectors were selected to prevent erroneous 
connections. The major components were assembled of commonly 
available materials using readily available tools, and a 
red-handled toggle switch was installed to simultaneously 
turn off the drill press motor and stop the table movement. 
Safety 
Safety considerations applicable to similar industrial 
arts laboratory machines were followed; the machine was 
guarded with shields commonly in use and classroom teachers 
to whom the machine was demonstrated uniformly agreed that 
the only additional safety requirement would be that the 
students wear the same protective eyewear required by state 
law when they used any other tool or machine in the 
industrial arts laboratory. An early concern of the exper­
imenter's, that sawdust would be thrown with some force by 
the router bit, proved unwarranted. 
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Results of the Experimental Phase 
As was noted previously, because entire class sections 
were assigned to the groups receiving the experimental 
treatment or not and receiving the pretest or not, rather 
than having individuals assigned randomly to groups, there 
was some question whether the unit of statistical analysis 
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should be the individual student or the means of the classes. 
Customarily in such studies, the class section is used as the 
unit of analysis. However, students in industrial arts 
classes are expected to perform their activities 
individually, with limited interaction, and they wrote and 
tested their numerical control programs in this fashion. For 
this reason, the individual student was selected as the unit 
of statistical analysis. 
Due to uncontrollable circumstances within the school, 
it was not possible to administer the pretest or obtain a 
control group in School 1. Therefore, School 1 as a factor 
in analysis is confounded with the factors pretest versus no 
pretest and experimental versus control groups. 
For simplicity, the analysis presented will be that of 
the data collected from School 2 and School 3, using the 
individual as the unit of analysis. This strategy was chosen 
because the Solomon Four-Group experimental design was not 
compromised in these two schools. Statistical analyses of 
the classes' means are presented in Appendix D. 
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The posttest consisted of 22 items, half related to 
numerical control concept acquisition and the other half to 
programming skill development. The items were taken from the 
Pine posttest, deleting 18 items which covered topics not 
included in the present unit of instruction. Topics covered 
by Pine but not covered in the present instructional unit 
were the decoding of punched paper tape, "miscellaneous" and 
"preparatory" function codes used by some numerically 
controlled equipment, and'a number of the tape punching 
formats used by numerically controlled equipment, none of 
which was implemented in the prototype numerically controlled 
router. 
The original Pine instrument was a 40-item multiple 
choice examination, some items of which were adapted from the 
studies of Biekert, Rummell, and Umstadt. The items adapted, 
plus the items generated by Pine, had been validated by a 
jury of persons knowledgeable in the field, and then were 
administered as a part of his pilot study. A Kuder-
Richardson formula #20 of .86 was achieved on the pilot study 
items, after which the less reliable items were revised or 
deleted and some changes were made because of content changes 
in the instructional package. The Kuder-Richardson formula 
#20 reliability achieved for the experimental administration 
was .85 for the entire 40-item instrument (Pine, 1973, 
pp. 45-47). 
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Following the instruction and gathering of the data in 
this experiment, item analyses were run on the entire 
instrument and on each of its parts. (Pine's analysis had 
considered the instrument only as a whole.) A Kuder-
Richardson formula #20 reliability value of .70 was found for 
the entire instrument, while subtest reliabilities of .36 and 
.74 were found for the concept acquisition and programming 
skill development portions, respectively. 
By deleting four concept items having low point-biserial 
correlations with the concept acquisition score and six 
programming skill items having low point-biserial correlations 
with the programming skill development score, the Kuder-
Richardson formula #20 reliability values were raised to .71 
overall, with .48 and .80 for the seven-item concept section 
and five-item programming section, respectively. 
Research question 1 
Null hypothesis There is no difference between means 
of subjects in groups receiving or not receiving instructional 
use of the prototype numerical control trainer, as measured by 
a numerical control concept acquisition test. 
^0* "*1 ~ u'2* where u'^ is the adjusted mean numerical 
control concept acquisition score of subjects receiving 
numerical control trainer instruction in addition to lecture 
and demonstration methods, and u'g is the adjusted mean 
numerical control concept acquisition score of subjects 
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receiving only lecture and demonstration methods of 
instruction. 
The hypothesis was tested at the 90% confidence level 
using the t statistic for the equivalent hypothesis that the 
standardized regression coefficient for the weight of a 
predictor variable coded 0 and 1 for group membership did not 
differ significantly from 0. The hypothesis that B = 0 was 
tested with the contribution of pretesting, school attended, 
and interaction of experimental/control group, pretesting, and 
school attended interaction partialled out. The full 
regression model was; 
= BQ + B^X^ + B2X2 + BjXj + B^X^Xj + BgX^Xg 
X^ = 1 if experimental group 
Xg = 1 if pretest group 
Xg = 1 if School 2 
Alternate hypothesis There is a difference between 
the means, or u'^^ / u'2. 
Analysis The results of the numerical control concept 
knowledge pretest were compiled and the means and standard 
deviations were calculated, dividing the sample successively 
into experimental and control groups. School 2 and School 3, 
and into the combination School 2 experimental groups and 
School 3 and/or control groups. These calculations are 
summarized in table 2. A multiple regression analysis was 
performed on these groups, using the equation; 
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y = + ^ 2*2 ®3*l*2 
= 1 if the student was in an experimental group. 
X2 = 1 if the student attended School 2. 
2 
The analysis gave an overall F=0.12, with R <.01 and 
£=.95, which implies that there were no significant 
differences in knowledge of numerical control concepts between 
any of the pairs of means before the treatment was 
administered. Values of Jt for the individual variables in the 
regression equation are included in Table 2. 
The posttest scores of the concept knowledge test were 
compiled and the means and standard deviations were calcu­
lated, with the sample divided successively into experimental 
or control groups. School 2 or School 3, pretest or no pre­
test, and the two-way and three-way combinations of these. 
Table 2. Summary of concept knowledge pretest data 
Group N M t* £ 
All students 82 1.27 0.98 
Experimental 59 1.24 0.93 0.35 .56 
Control 23 1.35 1.11 
School 2 35 1.29 0.79 0.03 .84 
School 3 47 1.26 1.11 
Experimental and School 2 28 1.29 0.76 0.12 .73 
Control and/or School 3 54 1.26 1.08 
*Value of t for this variable in the multiple regression 
equation. 
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In order to ascertain that an improvement in test scores 
had taken place between the pretest and posttest, means and 
standard deviations were calculated for the test items common 
to the pretests and posttests for the students in the 
pretested group, and analyses of variance were performed on 
each of the group combinations of the pretests; all F-tests of 
pretest to posttest gain were found to be highly significant, 
£<.01. Pretest to posttest comparisons among the group means 
are shown in Figure 1. 
A multiple regression analysis of the posttest data was 
then performed; using the equation: 
= 1 if experimental group 
Xg = 1 if pretest group 
Xg = 1 if School 2 
2 
The analysis gave overall F=1.51 with R =.09 and £=.17, 
not indicating that a statistically significant difference 
between pairs of groups was present at the £<.10 level. The _t 
values for the independent variables in the regression 
equation are shown in Table 3, along with the means and 
standard deviations. 
Conclusion The data support the null hypothesis, that 
there is no difference between means of subjects in groups 
receiving or not receiving instructional use of the prototype 
numerical control trainer, as measured by a numerical control 
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concept acquisition test. 
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Figure 1. 
M = 1.26/2.83 o Exp & Sch 2 M =» 1.24/2.80 
SD = 0.82/1.04 n = 28 ^ = 0.80/1.11 
M = 1.23/2.79 X Ctrl or Sch 3 M = 1.17/2.81 
^ = 1.13/0.95 n = 54 ^ = 1.08/0.95 
Group means on concept acquisition pretest and 
posttest for students receiving both instruments 
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Table 3. Summary of concept acquisition posttest 
GROUP N M t* £ 
All Students 116 4.79 
Exp 
Ctrl 
82 
34 
4.79 
5.32 
1.62 
1.91 
0.29 .60 
Pre-
NoPre-
82 
34 
•4.79 
4.79 
1.55 
1.59 
0.89 .67 
Sch 2 
Sch 3 
• 46 
70 
4.65 
4.88 
1.75 
1.40 
<0.01 .95 
Exp & Pre-
Ctrl &/or NoPre-
59 
57 
4.56 
5.03 
1.56 
1.52 
1.73 .19' 
Exp & Sch 2 
Ctrl &/or Sch 3 
39 
77 
4.67 
4.81 
1.84 
1.51 
<0.01 .96 
Pre- & Sch 2 
NoPre- &/or Sch 3 
35 
81 
4.74 
4.81 
1.67 
1.51 
0.02 .89 
Exp & Pre- & Sch 2 
Ctrl, NoPre-, &/or Sch 3 
28 
88 
4.79 
4.79 
1.77 
1.75 
<0.01 .94 
*Value of ^  for this variable in multiple regression equation. 
Research Question 2 
Null hypothesis There is no difference between means 
of subjects in groups receiving or not receiving instructional 
use of the prototype numerical control trainer, as measured by 
a numerical control programming skill development test. 
hg: u'^ " u'g, where u'^ is the adjusted mean numerical 
control programming skill development score of subjects 
receiving numerical control trainer instruction in addition to 
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lecture and demonstration methods, and u'2 is the adjusted 
mean numerical control programming skill development score of 
subjects receiving only lecture and demonstration methods of 
instruction. 
The hypothesis was tested at the 90% confidence level 
using the ^  statistic for the equivalent hypothesis that the 
standardized regression coefficient for the weight of a 
predictor variable coded 0 and 1 for group membership did not 
differ significantly from 0. The hypothesis that B = 0 was 
tested with the contribution of pretesting, school attended, 
and interaction of experimental/control group, pretesting, and 
school attended interaction partialled out. The full equation 
was 
Yg = Bg + B^X^ + BgXg + B3X3 + B^X^Xj + B3X2X3 
X^ = 1 if experimental group 
Xg = 1 if pretest group 
X3 = 1 if School 2 
Alternate hypothesis There is a difference between 
these subjects' means, or u'j^ ^'2' 
Analysis The results of the numerical control skill 
pretest were compiled and the means and standard deviations 
were calculated, dividing the sample successively into 
treatment and no-treatment groups. School 2 and School 3, and 
into the combination of School 2 treatment groups and groups 
which were from School 3 or were no-treatment groups. A 
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multiple regression analysis was performed on these data, 
using the equation: 
^2 ^  + B2X2 + 
= 1 if experimental group 
X2 = 1 if School 2 
For these data, F=1.91, with R^=.07 and £=.13, not 
e 
significant at the £<.10 level, not indicating that there were 
significant differences in numerical control programming skill 
among these groups prior to administration of the experimental 
treatment. Individual _t-tests on the independent variables in 
the multiple regression revealed that School 2 gave ^ =5.22, 
with £=.02, and the two-way factor school 2 and experimental 
group had t=2.74 with £<.10, both statistically significant at 
the £<.10 level. However, the fraction of the total 
variability accounted for by the regression equation was less 
than seven percent, so no single specified factor or 
combination could predict most of the outcome. The results of 
the pretest analysis are summarized in table 4. 
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Table 4. Summary of skill pretest scores 
Group N M t* £ 
All students 82 1.07 0.99 
Exp 
Ctrl 
59 
23 
1.05 
1.13 
0.95 
1.10 
1.05 .30 
Sch 2 
Sch 3 
35 
47 
0.85 
1.23 
0.79 
1.05 
5.22* .02 
Exp & Sch 2 
Ctrl &/or Sch 3 
28 
.54 
0.96 
1.13 
0.88 
1.04 
2.74* <.10 
*Value of _t for this variable in the multiple regression 
equation. "" 
^Significant at the £<.10 level. 
Improvement in test scores from pretest to posttest was 
ascertained by calculating the means and standard deviations 
of the items common to the two tests, and performing analyses 
of variance on the divisions of students as in the pretest. 
All pretest to posttest differences were found to be 
significant at the £<.10 level. Pretest to posttest gains 
are indicated in Figure 2. 
Scores on the posttest for programming skill were 
compiled and means and standard deviations were calculated 
for treatment and no treatment groups, pretest and no pretest 
groups, School 2 and School 3, and for the two-way and 
three-way combinations of these independent variables. 
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Figure 2. Group means on programming skill pretest and 
posttest for students receiving both instruments 
A multiple regression analysis was performed, using the 
equation: 
YG = BG + + BGXG + B3X3 + B^X^XG + B^X^X^ + BGXGXG 
X^ = 1 if experimental group 
X2 " 1 if pretest group 
Xg - 1 if School 2 
For these data, F-1.31, with R^=.078 and £=«.25, which is 
not significant at the p<.10 level. These data are summarized 
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In Table 5. 
Table 5. Summary of skill development posttest 
GROUP N M SD t* £ 
All Students 116 3.46 1.72 
Exp 
Ctrl 
82 
34 
3.41 
3.56 
1.65 
1.91 
0.02 .88 
Pre-
No Pre-
82 
34 
3.67 
2.94 
1.63 
1.84 
2.00 .16 
Sch 2 
Sch 3 
46 
70 
3.11 
3.69 
1.70 
1.70 
0.02 .89 
Exp & Pre-
Ctrl &/or No Pre-
59 
57 
3.64 
3.26 
1.63 
i.ai 
0.03 .85 
Exp & Sch 2 
Ctrl &/or Sch 3 
39 
77 
3.15 
3.61 
1.66 
1.74 
0.02 .90 
Pre- & Sch 2 
No Pre- &/or Sch 3 
35 
81 
3.28 
3.53 
1.72 
1.73 
<0.01 >.99 
Exp & Pre- & Sch 2 
Ctrl,No Pre- &/or Sch3 
28 
88 
3.39 
3.48 
1.66 
1.75 
<0.01 .92 
*Value of ^  for this element in multiple regression equation. 
Conclusion This analysis supports the null 
hypothesis, that there is no difference between means of 
subjects in groups receiving or not receiving instructional 
use of the prototype numerical control trainer, as measured by 
a numerical control programming skill development test. 
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Research Question 3 
Null hypothesis There is no difference between means 
of subjects in groups receiving or not receiving instructional 
use of the prototype numerical control trainer, as measured by 
the Finch Instructional Attitude Inventory Assessment. 
hg: u'^ = ^*2» where u'j^ is the adjusted mean Attitude 
Inventory score of subjects receiving numerical control 
trainer instruction in addition to lecture and demonstration 
methods, and u'2 is the adjusted mean Attitude Inventory score 
of subjects receiving only lecture and demonstration methods 
of instruction. 
The hypothesis was tested at the 90% confidence level 
using the t statistic for the equivalent hypothesis that the 
standardized regression coefficient for the weight of a 
predictor variable coded 0 and 1 for group membership did not 
differ significantly from 0. The hypothesis that B = 0 was 
tested with the contribution of pretesting, school attended, 
and interaction of experimental/control group, pretesting, and 
school attended interaction partialled out. The full model 
was 
Y3 = Bq + * B3X3 + 84X^X3 + B5X2X3 
= 1 if experimental group 
Xg = 1 if pretest group 
= 1 if School 2 
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Alternate hypothesis There is a difference between 
means, or ^ u'g* 
Analysis The Finch Attitude Inventory instrument was 
administered the day before the posttest to all groups. Each 
student's response was anonymous, so it was not possible to 
exclude the responses of those students who had not partici­
pated in most of the activities. The number of student 
completing the instrument was 181. 
The students' scores were collected and compiled and 
means and standard deviations were calculated, dividing the 
scores successively into treatment and no treatment groups, 
pretest and no pretest groups. School 2 and School 3, and the 
two-way and three-way combinations possible. A multiple 
regression analysis was performed on the data, giving F=3.01, 
2 
with £=.01, and R =.13, indicating there were differences 
among the groups that were statistically significant at the 
£<.10 level, and that the variables chosen accounted for 
thirteen percent of the variability of the means. The means , 
and standard deviations for the specified independent 
variables are shown, along with the ^ -test results for the 
corresponding elements of the regression equation, in Table 7. 
A stepwise regression analysis was performed, entering 
the independent variables individually, then in two-way and 
three-way combinations, but with treatment and no treatment 
groups last, to attempt to determine the fraction of the 
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variability of the attitude scores attributable to each 
independent variable. It was found that the school attended 
accounted for the majority of the variability, while the total 
contribution of the remaining independent variables was just 
over one percent. This analysis is summarized in Table 8. 
Table 7. Summary of Attitude Inventory results 
GROUP N M ^ t® • £ 
All students 132 96.93 23.47 
Expt 
Ctrl 
90 
42 
96.17 
98.57 
22.01 
26.54 
0. 92 .36 
Pre-
NoPre-
94 
38 
97.05 
96.63 
24.98 
19.52 
0. 79 .43 
Sch 2 
Sch 3 
50 
82 
87.00 
102.99 
22.11 
22.29 
1. 78* .08 
Expt & Pre-
Ctrl &/or NoPre-
64 
68 
95.98 
97.82 
22.46 
24.51 
"0. 66 .51 
Expt & Sch 2 
Ctrl &/or Sch 3 
40 
92 
85.80 
101.77 
18.48 
23.82 
0. 00 > .99 
Pre- & Sch 2 
NoPre- &/or Sch 3 
36 
96 
86.08 
101.00 
24.27 
21.93 
0. 36 .72 
Expt & Pre- & Sch 2 
Ctrl, NoPre-, &/or Sch 3 
26 
106 
83.88 
100.13 
19.82 
23.26 
-0. 87 .38 
®^-test for this element in multiple regression equation. 
*£<. 10. 
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Conclusion This analysis supports the null hypothesis 
that there is no difference between means of subjects in 
groups receiving or not receiving instructional use of the 
prototype numerical control trainer, as measured by the Finch 
Instructional Attitude Inventory Assessment. 
Table 8. Stepwise multiple regression on attitude data 
VARIABLE ADDED ^2b change^ 
Sch 2 -.33 .110 .110 
Pre- .01 .110 .000 
Pre- & Sch 2 -.28 .114 .003 
Expt & Sch 2 - • 31 .120 .006 
Expt & Pre- -.04 .120 .000 
Expt & Pre- & Sch 2 -.27 .120 .000 
Expt -.05 .126 .006 
^Simple correlation of this variable with attitude inventory 
score. 
^Fraction of total variability attributable to all of the 
variables in the regression equation on this step. 
^Change in the fraction of total variability attributable to 
addition of the last variable. 
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CHAPTER V; SUMMARY AND CONCLUSIONS 
Summary of Findings 
Research question 1 
Does including the students' use of the prototype 
numerical control trainer in a unit of study of numerical 
control and manufacturing automation have a significant 
influence on the students' acquisition of numerical control 
concepts? 
The analysis of the data supported the null hypothesis, 
that inclusion of the use of the prototype trainer did not 
have a significant effect on the students' numerical control 
concept acquisition. This finding is consistent with the 
findings of Biekert (1971), Rummell (1971), and Pine (1973). 
It is at odds with the "conventional wisdom" of industrial 
arts and the writings of Dewey and others (Dewey, 1938, 
p. 20; Archambault, 1966, pp. 254-257). 
Research question 2 
Does inclusion of the students' use of the prototype 
numerical control trainer in a study of numerical control and 
manufacturing automation have a significant effect on the 
students' development of numerical control programming 
skills? 
Data analysis supported the null hypothesis, that use of 
the prototype trainer did not make a significant difference 
on a student's programming skill development. Again, this is 
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consistent with the findings of Biekert (1971), Rummell 
(1971), and Pine (1973). 
Research question 3 
Does inclusion of the students' use of the prototype 
numerical control trainer in a study of numerical control and 
manufacturing automation have a significant effect on the 
students' attitude toward the unit of study? 
Analysis of the data revealed significant differences 
attributable to the school attended, but no significant 
differences attributable to membership in the treatment 
group. Neither Biekert (1971), Rummell (1971), nor 
Pine (1973) found attitude differences between members of the 
control and treatment groups in their studies, although Dewey 
had proposed that increasing the activity level of the 
students would increase their appreciation of the unit of 
study (1938, p. 20). 
Conclusions and Reflections 
The instruments and analyses used did not support use of 
the prototype trainer to enhance concept acquisition, skill 
development, or positive attitudes toward the unit of study. 
That such was found could be the result of one or more of the 
following possibilities: 
1. That hands-on activities do not enhance concept 
acquisition, skill development, or positive attitudes toward 
this unit of study of numerical control. 
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2. That this particular hands-on activity does not enhance 
concept acquisition, skill development, or positive attitudes 
toward this unit of study of numerical control. 
3. That hands-on activities of any sort do not enhance 
concept acquisition, skill development, or positive attitudes 
toward any unit of study. 
4. That interfering factors, noted or otherwise, prevented 
the observation of significant effects of hands-on activity 
on one or more of the specified areas of interest.' 
Interfering factors could include that the instruments used 
were not sufficiently sensitive to detect the influence of 
the activity; that the grade range of students, 9 through 12, 
was so great that differences in maturation levels interfered 
with observation of other effects; that the brief period of 
time and complexity of the unit of study, or the complexity 
of the programming assignment, did not allow the effects of 
inclusion of the activity to be noted; or that the control 
groups were so contaminated by their observation of the use 
of the trainer by members of the treatment groups that there 
was little difference between their experiences and those of 
the members of the treatment groups. 
It should not be concluded that because no significant 
differences among means were noted that no learning took 
place among the participants as the result of the hands-on 
activity, or that inclusion of the activity has no value. In 
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fact, sufficient skills were developed among the participants 
that only four students out of the entire group (some 230 
students, counting pilot study participants) failed to 
complete at least one programming effort successfully. In 
addition, each of the participants gained a hands-on 
experience with a computer and a piece of computer-operated 
machinery that he or she could not likely have received 
otherwise. 
Present Research and Development Effort 
Following the gathering of data, the experimenter 
participated at Southwest Missouri State University with the 
department head and other faculty members in the areas of 
electronics and manufacturing technologies in an evaluation 
of the equipment in use at the university for teaching 
numerical control in the Industrial Technology Department and 
the formulation of recommendations for improvement. It was 
determined that the department's equipment, a Bridgeport 
vertical mill with a Slo-Syn point-to-point retrofit, was 
both obsolete and unreliable, requiring unacceptably high 
levels of maintenance. It was decided that two small 
numerically controlled milling machines would be constructed, 
following the pattern of the prototype trainer. The first of 
these units was operational in November, 1984, with the 
second following soon after. 
While the development of these milling machines was in 
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progress, the experimenter was contacted by the Coordinator 
of Industrial Arts of the Springfield Public Schools, and 
told that a proposal for installing units similar to the 
prototype trainer in the industrial arts laboratories of each 
public high school had been approved, if the equipment could 
be produced. After discussion, it was decided that 
light-duty milling machines, of the type being developed for 
the University, would likely be more desirable than the 
router prototype. Installation of the first of these 
machines was completed in November, 1985, and the remaining 
machines were in service by the end of the school year. 
Recommendations for Further Research 
Research efforts suggested by this study include 
replication, with improved controls, to verify the findings. 
Additional experiments, in which the complexity of the unit 
of study, the period of time used for the study, or the 
complexity of the programming assignment are varied should 
bring out additional information to help determine if the 
objectives are more easily achieved through utilization of 
the machine. 
The Attitude Inventory sought the feelings of the 
participants toward the units of instruction they 
experienced. The answers to additional questions, posed 
hypothetically, would be pertinent. For instance, a 
treatment group could be asked, "Would this unit of 
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instruction have been less interesting if the machine had not 
been available?" with the reverse of the question to be asked 
the no-treatment group. 
A serious concern not sufficiently addressed by this 
study is the value of laboratory experiences in the 
industrial arts curriculum, particularly in enhancing 
cognitive achievement. That the per-student cost of 
equipment and materials for the industrial arts program is 
considerably higher than for many other subjects adds to the 
desirability of determining such benefits. It is possible 
that reviewing research in the teaching of other laboratory 
subjects, such as chemistry or physics, would suggest methods 
of making this determination. 
Another question to be considered is whether achieving 
the objectives associated with a general education industrial 
arts course justifies the purchase and maintenance of 
equipment such as the prototype numerically controlled 
trainer. Perhaps the fact that the computer system may be 
used for purposes such as word processing and record keeping 
increases the justification of the purchase. 
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APPENDIX A: CONSTRUCTION DRAWINGS OF PLOTTING TABLE 
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SCALE : 1"=.1875' 
Figure 3. Details of upper and center stages of plotting table 
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Figure 4. Details of center and lower stages of plotting table 
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Figure 5. Details of plotting table pillow blocks 
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APPENDIX B; SCHEMATIC DIAGRAMS OF STEPPING MOTOR 
CONTROL CIRCUIT 
SIGNAL 
INPUTS STEPPING MOTOR LOGIC CIRCUIT 
PULSE JUTJT. 
GENERATOR L 
COMPUTER 
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74193 7445 0-
BINARY DECODERS • 
COUNTER DRIVERS' 
3 • 
COUNT UP 
4 • 
5 • 
1 ' ' 1 6 • 
COUNT DOWN ^ . 
'2 7 ' 
•4 8 • 
8 • •8 9 • 
[470 OHM 
1/4 W OUTPUTS TO 
AMPLIFIER 
CIRCUIT H 
Figure 6. Stepping motor logic circuit 
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Figure 7. Stepping motor amplifier circuit 
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APPENDIX C; LISTING OF COMPUTER PROGRAM 
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10 gotolOO 
11 print"operating the nc machine" 
12 print"turn the three power switches on and" 
13 print"be sure the workpiece is in place.":fork=lto3000:next 
14 print"pres8 return" 
13 print"to start the nc machine" 
16 geth$;ifh$""s"goto20 
17 ifh$=chr$(13)orh$="p"goto40 
18 gotol6 
20 print""tab(12)"changing scale"f"sp 
21 print"i£ you want full scale, enter a" 
22 print"if you want .75 scale, enter b" 
23 print"if you want .67 scale, enter c" 
24 print"if you want .50 scale, enter d" 
25 print"if you want .33 scale, enter e" 
26 print"if you want .25 scale, enter £" 
27 print"if you want .10 scale, enter g" 
28 input"which do you wisha";h$;ifleft$(h$,l)="a"thenm=60 
30 ifleft$(h$,l)="b"thenm»45 
31 ifleft$(h$,l)»"c"thenm=40 
32 ifleft$(h$,l)="d"thenm=30 
33 ifleft$(h$,l)""e"thenm=20 
34 ifleft$(h$,l)="f"thenra=15 
35 ifleft$(h$,l)="g"thenm=6 
36 ifleft$(h$,l)-"h"thenm=90 
37 ifleft$(h$,l)=»"i"thenm-120 
40 xs=l:ys=l:print"":pokel44,88:fori=0ton-l 
45 x=ab8(x(i)):x=int(x*m+h):y=abs(y(i)):y=int(y*m+h):z=25:ifz(i)=ogoto50 
46 zo=zp:ifz(i)§othenzo=zn 
47 waitp,ib,ib:getg$:ifg$§t""thenpokep,s:go8ub80 
48 pokep,8-zo:waitp,ib:z=z-xp:ifztogoto47 
50 if8gn(x(i))-x8=xnthenxo=xp:xs=sgn(x(i)):goto52 
51 ifsgn(x(i))-x8=-xnthenxo=xn:xs=sgn(x(i)) 
52 if8gn(y(i))-ys=xnthenyo"yp:ys»sgn(y(i));goto54 
53 ifsgn(y(i))-ys=-xnthenyo=yn:y8=sgn(y(i)) 
54 getg$:ifg$§t""thenpokep,8:gosub80 
55 fork"ltoi:waitp,ib,ib:pokep,8-xo-yo:waitp,ib:next:pokep,8:xo=o:yo=o 
60 ifx(i)tothenxo»xp:goto62 
61 ifx(i)§othenxo=xn 
62 ify(i)tothenyo=yp:goto64 
63 ify(i)§othenyo=yn 
64 ifright$(h$,l)="p"thenprinti+l,x(i),x,xo:print" ",y(i),y,yo 
65 waitp,ib,ib:getg$:i£g$§ t""thenpokep,s :gosub80 
66 pokep,8-xo-yo;waitp,ib:x=x-xp;y=y-xp:ifx§xpthenxo=o 
67 ify§xpthenyo"o 
68 pokep,8-xo-yo;ifxo=oandyo=othennext: poke144,85 :goto90 
69 goto65 
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80 print"machine operation halted" 
81 print"to resume operating the machine, enter r" 
82 print"to quit operating the machine, 
83 print"turn the power switches off and enter q" 
84 input"which do you wi8h";g$:ifg$="q"thenpokel44,85:goto90 
85 ifg$""r"thenpokep,s-xo-yo: print"":pokel44,88 : return 
86 goto80 
90 print"plea8e turn off the":print"power switch" 
91 print"on the black box.":fori=lto3000:next:gotol500 
100 rem edward h. matthews 02-15-82 
120 poke59459,63:poke59471,63 
150 rem copyright meldavi products, 198 
200 remOSOO-beginning display 
control 
220 reml300-select method of data entry 
240 rem2100-kb data entry explanation 
260 rem2700-tape data entry 
280 rem4000-verify data graphically 
300 rem6000-record data on cassette 
320 rem8000-add to data program 
110 rem negative logic smsu 
210 remllOO-intro to numerical 
230 remlSOO-option select 
250 rem2500-kb data entry 
270 rem3000-see and edit data 
290 remSOOO-operate nc machine 
310 rem7000-quit or enter new data 
330 rem9000-check for off-workpiece 
500 print"numerical control programming":fork=lto400:next 
510 print"a computer-assisted course":fork=lto450:next 
520 print" by edward h matthews ":fork=lto600:next 
530 print" southwest missouri state print " university " 
540 print" 1982 ":getg$:ifg$=chr$(13)gotol300 
550 fork»lto450! next ; print"";:fori=ltol9:print"nc";înext: print"n"; 
570 fori=lto21:print"iet";:next;print"ncn"; 
590 fori=ltol8:print"nc";;next;fori=lto21:print"sms";znext 
610 fork=lto500:next;fori=lto20;print"";znext 
620 fori=lto33zprint"";;next:fori=lto20:print"";znext 
640 fori=lto32zprint"";znext:fork=ltolOOO:next 
800 forj=lto4:poke59468,14zfori=lto800: next 
810 poke59468,12 :fori»lto800: next : next 
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1100 poke59468,12:print"introduction" 
1120 print"this activity allows you to program" 
1122 print"and operate a numerically controlled":print"router." 
1130 print"all of the steps involved in numerical" 
1140 print"control programming are possible,":print"including;" 
1155 print"(plea8e press return to continue)" 
1156 getg$;ifg$§tchr$(13)gotoll56 
1160 print"entering the numerical commands," 
1170 print"inspecting and correcting";print"the commands," 
1190 print"drawing the program result" 
1195 print"on the screen" 
1200 print"and operating the numerically":print 
1210 print"controlled router." 
1220 print"(please press return to continue)" 
1300 clr:p=59471:s=63:xp=l:xn=2:yp"4:yn=8:zp-16:zn=32:ib=64:o=0 
1305 poke59459,8;pokep,s:xo=0;yo=0:m=8:h=.5;dimx(255),y(255),z(255) 
1307 getg$;ifg$§tchr$(13)gotol307 
1308 print"nc data entry" 
1310 print"the first step is to enter your commands":print"into the 
computer. 
1330 print"to enter data from the keyboard," 
1340 print"enter k" 
1350 print"to enter data from a cassette tape,":print"enter t" 
1370 input"how will you enter them";g$:ifg$="k"goto2100 
1390 ifg$="t"goto2700 
1400 gotol308 
1500 print"option select":m=s:xs=o:ys=o 
1505 print"to draw program on the screen, enter d" 
1510 print"to inspect your nc data, enter i" 
1515 print"to add to your data program, enter a" 
1520 print"to record your data on tape, enter r" 
1525 print"to operate the nc machine, enter o" 
1530 print"to begin another data program, enter b":h$="sirvdoOqba" 
1560 input"what do you wish to do now";g$:ifg$="s"org$="i"goto3000 
1570 fori»ltol0:ifg$§tmid$(h$,i,l)thennext 
1580 onigoto3000,3000,6000,4000,4000,11,11,7000,7000,8000,1500 
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2100 print"keyboard entry of data commands" 
2101 print"l£ you need an explanation,enter e" 
2102 print"to skip the explanation,enter s" 
2103 input"which do you wi8h";g$:ifg$="s"goto2500 
2105 print"keyboard entry of data commands" 
2110 print"keyboard entry of data requires" 
2120 print"that the machine movement commands" 
2130 print"be entered individually, in inches" 
2140 print"and decimal fractions." 
2150 print"(please press return to continue)" 
2155 getg$;ifg$§tchr$(13)goto2155 
2160 print"the directions and the dimensions" 
2165 print"of the machine movements are expressed" 
2170 print"as if you intended to move the tool," 
2180 print" " 
2190 print"rather than the machine table." 
2220 print"(please press return to continue)" 
2230 getg$;ifg$§tchr$(13)goto2230 
2240 print"the following system is used to express " 
2250 print"the tool movement commands.":print"in this system," 
2270 print"+x moves the tool to the right" 
2280 print"-x moves the tool to the left" 
2290 print"+y moves the tool toward the top" 
2300 print"-y moves the tool toward the bottom 
2310 print"-i-z raises the tool from the work" 
2320 print"-Z lowers the tool to the workpiece": 
2330 print"(please press return to continue)" 
2340 getg$; ifg$§ tchr$(13)goto2340 
2350 print" " 
2360 print"(for simplicity, any +z value raises" 
2370 print"the tool from the work, and any -z value" 
2380 print"lowers the tool to the work.)":print 
2390 print"(please press return to continue)" 
2400 getg$;ifg$§ tchr$(13)goto2400 
2500 print"keyboard entry of data commands" 
2510 print"suggestion: enter 10 steps now," 
2515 print"inspect and correct them, and then":print"add more, 10 at a 
time." 
2517 print"how many steps "; 
2520 input"will you enter nowlO";g$:n=»val(g$);ifn=0goto2500 
2530 print"each time you see this expression " 
2540 print" (step number) x,y,z = ? " 
2550 print"enter the numbers and signs with commas" 
2555 print"between, in this form: 1.33,-.67,-1 " 
2580 fork=ltol000:next:fori=0ton-l:printtab(4)i+l,tab(10)"x,y,z = 
2590 input"";x(i),y(i),z(i):print : next:goto3300 
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2700 print"entry of data from tape" 
2800 print"plea8e insert your data tape into":print"the recorder" 
2840 openl,1,0:input#!,g$;n=val(g$): ifn§ t0goto2870 
2850 print"found "g$: input#!,n 
2870 fori»Oton-!: input#!,x(i),y(i),z(i): next : close!: goto!500 
3000 k=0:j=0 
3010 print"step","x","y","z" 
3020 i=j+k 
3030 printi+!,x(i),y(i),z(i)"" 
3035 ifi"n-lgoto3050 
3040 j"j+l;ifj§8goto3020 
3045 k=k+8:j"0:print"(to return to option select,enter r)" 
3050 input"are all these steps correct (y or n)y";g$ 
3055 ifi=n-!andg$="y"goto3300 
3057 ifg$»"r"goto3300 
3060 ifg$="y"goto3010 
3070 ifg$-"n"goto3090 
3072 ifval(g$)=0goto!500 
3074 i=val(g$):goto3100 
3090 input"which step contains the first error";i 
3100 print"step","x","y","z" 
3110 i=i-!:printi+l,x(i),y(i),z(i)"" 
3120 print"what are all of the correct values":print 
3130 input"for x,y,z";x(i),y(i),z(i):k=i-!:j=! 
3140 print"step","x","y","z":goto3030 
3300 print"do you want to check for 
3310 input"off-workpiece errors (y or n)y";g$;ifg$=»"y"goto9000 
3320 goto!500 
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4000 prlnt"graphic verification of nc program" 
4010 print"the results of your nc program will be" 
4020 print"drawn on the screen." 
4022 print"the picture will remain until you" 
4023 print"press return." 
4030 print"to see only what is cut, enter c" 
4031 print"to also see how the tool moves" 
4032 print"when it is not cutting, enter m" 
4035 input"which do you wishc";g$ 
4100 print"":fori=Oton-l 
4110 x"3.067*x(i):y=3.067*y(i):ifz(i)=0goto4130 
4120 z=z(i) 
4130 ifzfOand(g$="m"org$="y")thenprint"W"; 
4140 ifz§Othenprint"Q"} 
4142 k=abs(x):ifk§lthenx=0 
4143 j=abs(y):ifj§ltheny»0 
4150 ifxtOthenprint""; 
4160 ifx§Othenprint""; 
4170 ifytOthenprint""; 
4180 ify§Othenprint""; 
4190 ifztOand(g$""m"org$="y")thenprint"W"; 
4200 ifz§Othenprint"Q"; 
4210 ifxfOthenx=x-l 
4220 ifx§Othenx=x+l 
4230 ifytOtheny=y-l 
4240 ify§Otheny=y+l 
4250 k=abs(x):ifk§lthenx=0 
4260 j=abs(y):ifj§ltheny=0 
4270 ifx=0andy=0thennext:goto4300 
4280 goto4150 
4300 getg$:ifg$§tchr$(13)goto4300 
4310 gotol500 
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6000 print:"recording data on cassette tape" 
6010 print"place a blank tape in the recorder«"rinput"what is your 
name";n$ 
6200 openl,1,2:print"recording for "n$;print#l,n$:print#l,n:fori=Oton-l 
6230 print#l,x(i):print#l,y(i):print#l,z(i):next:closel:gotol500 
7000 print"begin new data program" 
7020 print"if you wish to begin a new nc program,print"enterb. 
7030 print"if you got here by mistake, press return" 
7040 input"which do you wish";g$:ifg$»"b"goto500 
7070 gotolSOO 
8000 print"adding to your data program" 
8010 print"(note: it is not possible to insert":print"steps into your data 
program;" 
8020 print"you may add only to the end)" 
8030 print"your present program has"n"steps." 
8035 input"how many will you addl0";k 
8040 print"each time you see the expression";i=n:n=n+k 
8042 print"(step number) x,y,z = ?" 
8043 print"enter the values for that step" 
8044 print"(put a comma between the values)";fori=iton-l 
8050 printtab(3)i+l,tab(16)"x,y,z =";;input"";x(i),y(i),z(i):print:next 
8070 print"do you want to check for" 
8080 input"off-workpiece errors (y or n)y";g$:ifg$="y"goto9000 
8100 gotol500 
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9000 k"0:j"0:c"0:ci»0 
9010 print""tab(15)"one moment,":printtab(17)"plea8e." 
9100 fori"Oton-l;k=k+x(i):j"j+y(i):ifk§-.lthengo8ub9200 
9120 ifktll•6thengo8ub9250 
9130 ifjS-.lthengo8ub9300 
9140 ifjt7•Ithengo8ub9350 
9150 next 
9155 ifci"0goto9500 
9180 goto9900 
9200 ci"ci+l:c=c+l:ifc"lthenprint"" 
9201 x=k:x=int(x*100+.5)/100 
9205 print"8tep"i+l"takes the tool"ab8(x)"inche8" 
9210 print"off the left end of the board«":ifc=3thengO8ub9400 
9230 return 
9250 ci»ci+l:c»c+l:ifc=lthenprint"" 
9251 x=k;x"int(x*100+.5)/100 
9255 print"8tep"i+l"takes the tool"x-ll"inches" 
9260 print"off the right end of the board.":ifc=3thengosub9400 
9275 return 
9300 ci=ci+l;c=c+l:ifc=lthenprint"" 
9301 y=j:y=int(y*100+.5)/100 
9305 print"8tep"i+l"takes the tool"ab8(y)"inche8" 
9310 print"below the bottom of the board.":ifc=3thengo8ub9400 
9320 ifc=3thengo8ub9400 
9330 return 
9350 ci=ci+l:c=c+l:ifc=lthenprint"" 
9351 y=j:y"int(y*100+.5)/100 
9355 print"8tep"i+l"takes the tool"y-7 "inches above" 
9360 print"the top of the board.";ifc=3thengO8ub9400 
9370 ifc=3thengo8ub9400 
9380 return 
9400 print"enter c to continue" 
9410 print"enter i to inspect your nc data" 
9415 input"which do you wishc";g$ 
9420 ifg$*"i"thenk=»i-3 :j=*0 : ifk§0thenk=0 
9425 ifg$="i"thenprint"step","x","y","z";print"":goto3020 
9430 ifg$""c"thenc=0:return 
9440 print"":goto9400 
1 0 0  
9500 print" Q Q QQQ 
9520 print" QQ Q Q Q 
9530 print" Q Q Q Q Q 
9540 print" Q Q Q Q Q 
9550 print" Q QQ Q Q 
9560 print" Q Q QQQ 
9610 print" QQQQQQQ QQQ QQQ QQQ QQ 
9620 print" Q  Q Q Q Q Q  Q Q  Q Q Q 
9630 print" Q  Q Q Q Q Q  Q Q  Q Q 
9640 print" QQQ QQQ QQQ Q Q QQQ QQ 
9650 print" Q  Q Q Q Q Q  Q Q  Q 
9660 print" Q Q Q Q QQQ Q QQQ 
9670 print" QQQQ QQQQ QQQQQ QQ 
9680 fork"ltoi500:next:gotol500 
9900 print"enter c to continue":ifc=0thenprint"";gotol500 
9910 print"enter i to inspect your nc data" 
9915 input"which do you wishc";g$ 
9920 ifg$="i"thenk=i-3:j=0;ifk§0thenk=0 
9925 ifg$="i"thenprint"8tep","x","y","z":goto3020 
9930 ifg$»"c"gotol500 
9940 print"":goto9900 
9950 rem" 
This program may be obtained on Commodore floppy disk 
by contacting 
Edward H. Matthews 
Industrial Technology Department 
Southwest Missouri State University 
901 S. National 
Springfield, MO 65804 
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APPENDIX D; ANALYSIS OF CLASS MEANS 
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Table D-1. Summary of class means on concept knowledge 
posttest 
Group N M SD p 
All classes 9 4.73 0.38 
Experimental Group 6 4.58 0.28 4.06* .08 
Control 3 5.04 0.42 
^Value of F for this variable in the analysis of variance. 
*E<.10. 
The above summary indicates the presence of a 
significant difference between the means of experimental and 
control groups. This is possibly explained by the extra 
drill and review on numerical control concepts and 
programming skills received by the control groups. 
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Table D-2. Summary of class means on programming skill 
posttest 
Group N M SD p 
All classes 9 3.37 0.53 
Experimental Group 6 3.36 0.53 <.01 .94 
Control 3 3.39 0.66 
^Value of F for this variable in the analysis of variance. 
The above summary indicates the presence of no 
significant difference between the means of treatment and 
no-treatment groups, consistent with the analysis using the 
student as the unit of study. 
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Table D-3. Summary of class means on instructional attitude 
inventory 
Group N M SD p 
All classes 9 95.44 9.13 
Experimental Group 6 95.50 11.60 <.01 .94 
Control 3 95.67 3.21 
®Value of F for this variable in the analysis of variance. 
The above summary indicates the presence of no 
significant difference between the means of treatment and 
no-treatment groups on the instructional attitude inventory, 
consistent with the analysis using the student as the unit of 
study. 
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APPENDIX E: PRETEST INSTRUMENT 
106 
Name 
Numerical Control Pre-Test 
DIRECTIONS: AI I questions are multiple choice. Please select the ONE 
lEST ANSWER to each question and CIRCLE THAT ANSWER. 
Please answer every question. There Is NO PENALTY for guessing. 
1. Which phrase Is not a part of the definition of 
Numerical Control? 
a. controls machine actions 
b. nunbers 
c. for electro-machining 
d. form of toolIng 
2. The order of operations, the "X,"  "Y," '  and "Z" dimensions, 
and other commands for a NC-operated machine are prepared 
by the 
a. machine operator 
b. product designer 
c. part programmer 
d. draftsman 
3. The main difference between a closed loop servomechanism 
and an open loop system Is 
a. resolution 
b. control 
c. dimensioning 
d. feedback 
4. A servomechanism that does not compare output 
signals with feedback signals for positioning accuracy is 
a/an 
a. position control system 
b. closed loop system 
c. absolute dimensioning system 
d. open loop system 
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5. In the absolute dimensioning system, "X' and 'Y" dimensions 
have 
a. both + and - signs 
b. all + signs 
c. alI - signs 
d. none of the above 
DIRECTIONS; Please answer the following questions using the drawing 
to the right 
The location of A is 
- S 
c. (-3,2) 
d. (3,-2) 
The location of C is 
a. (2,-2) 
b. (-2,-2) 
c. (-2,2) 
Located in the third quadrant is/are 
a. none of the points 
c, all of the points 
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DIRECTIONS ; Please select the correct command for each movement 
shown In the drawing at right. The grid Is .33 Inch, so 
1 square = ,33 Inch 
2 squares = .67 Inch 
3 squares = 1.00 Inch 
9. Step 1 Is a non-cutting step. Its command Is 
a. 0, .66, 1 
b. .66, —.66, — 1 
c. .66, .66, —1 
d. .66, .66, 1 
10. Step 3 Is a cutting step. Its command Is 
a. 0, 1, 1 
b. 0, 1, 0 
c. 1, 0, 0 
d• 0,  0,  0 
11. What command will be used to return the tool to the 
starting point, not cutting? 
a. -.33, -1.67, 0 
b. -.33, -1.67, 1 
c. -.33, -I>67, -1 
d. —1.33, —.67, 1 
MAY THE FORCE BE WITH YOU! 
<— 
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APPENDIX F: POSTTEST INSTRUMENT 
110 Name 
Numerical Control Unit Examination 
DIRECTIONS: All questions are Multiple Choice on this examination. 
Please select the ONE BEST ANSWER to each question and CIRCLE THE 
LETTER THAT INDICATES THAT ANSWER. 
Please answer every question. There Is no penalty for guessing. 
1. Which phrase Is not a part of the definition of Numerical 
Control ? 
a. controls machine actions 
b. numbers 
c. for electro-machining 
d. form of tooling 
2. To produce a finished product by NC, five basic steps are 
followed. Which series of steps below Is given In the 
correct order? 
a. 
part design 
part drawing 
part program 
machine tool 
control unit 
b. 
part design 
part program 
part drawing 
control unit 
machine tool 
c. 
part design 
part drawing 
part program 
control unit 
machine tool 
d. 
part design 
part drawing 
control unit 
part program 
machine tool 
3. The order of operations, the "X," "Y," and "Z" dimensions, 
and other commands for a NC-operated machine are prepared 
by the 
a. machine operator 
b. product designer 
c. part programmer 
d. draftsman 
4. The NC occupation requiring the least training and skills 
Is the 
a. programmer 
b. product designer 
c. maintenance technician 
d. machine operator 
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The main difference between a closed loop servomechanism 
and an open loop system Is 
a. resolutlon 
b. control 
c. dimensioning 
d. feedback 
Three of the following statements are true. Which of the 
statements Is false? 
a. NC can make production more economical with runs over 
500. 
b. NC reduces tooling and set-up. 
c. NC produces parts with better accuracy and uniformity. 
d. NC allows simple and Inexpensive design changes. 
Information can be transferred to the NC machine control 
unit by way of 
a. punched tape 
b. magnetic tape 
c. punched cards 
d. all of the above 
A servomechanism that does not compare output signals with 
feedback signals for positioning accuracy Is a/an 
a. position control system 
b. closed loop system 
c. absolute dimensioning system 
d. open loop system 
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Three of the following statements are true. Which 
statement Is false? 
a. NC requires more complicated fixtures (part-holding 
devices). 
b. NC requires operator retraining. 
c. NC minimizes human error. 
d. NC Is usually not efficient for large-quantity 
product Ion. 
In the absolute dimensioning system, "X" and "Y" dimensions 
have 
a. both + and - signs 
b. all + signs 
c. all - signs 
d. none of the above 
In the Incremental dimensioning system, movements are 
dimensioned from 
a. one location to the next location. 
b. the set point In every case 
c. the corner point in every case 
d. a datum reference surface 
DIRECTIONS: Please answer questions 11 through 16 using the following 
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The location of A Is 
a. (2,3) 
b. (3,2) 
c. (-3,2) 
d. (3,-2) 
13. The location of B Is 
a. (-3,0) 
c » (—3, — 1) -5 -4 -? "2. 
d. not given above 
•• -Z. 
14, The location of C Is 
a. (2,-2) 
b. (-2,-2) 
d. (2,2) 
The location of D is 
a. (0,5) 
b. (0,-5) 
c. (5,0) 
d. (-5,0) 
16. Located in the third quadrant Is/are 
a. none of the points 
b. A only 
c. alI of the points 
d. 8 and C only 
17. The Incremental dimensioning system could locate 
a. alI of the points 
b. A only 
c. B and C only 
d .  a l l  b u t  D  
DIRECTIONS : Please select the correct command for each movement 
shown In the drawing at right. The grid Is .33 Inch, as on your 
drawings. 1^4 
l/*. Step 1 Is a non-cutting step. Its command I 
a. 0, .66, 1 
b. .66, -.66, -1 
c. .66, .66, -1 
d. .66, .66, 1 
1^. Step 2 Is a cutting step. Its command Is 
a. 1, 0, -1 
b. 0, 1, —1 
c. 1, 0, 1 
d. 0, 1, —1 
Zg). Step 3 Is a cutting step. Its command Is 
a. 0, 1, 1 
b. 0, 1, 0 
c. 1, 0, 0 
d. 0, 0, 0 
Step 4 Is a cutting step. Its command Is 
a. 1.33, 0, 0 
b. 0, 1.33, 0 
c. -1.33, 1, 0 
d. -1.33, 0, 0 
2%. What command will be used to return the tool to the 
starting point, not cutting? 
a. —.33, —1.67, 0 
b. -.33, -1.67, 1 
c. —.33, —1.67, —1 
d. —1.33, —.67, 1 
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APPENDIX G: INSTRUCTIONAL ATTITUDE INVENTORY 
SHOP AND LABORATORY ATTITUDE INVENTORY 
© Curtis-R. Finch 1968 
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t 
DIRECTIONS: Below are several statements about the period of instruction which 
you have just completed. Read each statement carefully and indicate the degree 
to which you agree or disagree with it according to the following scale: 
SD - Strongly Disagree - I strongly disagree with the statement. 
D - Disagree - I disagree with the statement, but not strongly so. 
N - Neutral - I am neutral toward the statement or don't know enough about it. 
A - Agree - I agree with the statement, but not strongly so. 
SA - Strongly Agree - I strongly agree with the statement. 
CIRCLE YOUR RESPONSE 
1. I would like more instruction presented in tl>is way.. 
2. I learned more because equipment was available for me 
to usa 
3. This Instruction was very boring 
4. The material presented was of much value to me 
5. The instruction was too specific 
6. I wail glad just to get through the material 
7. The material presented will help me to solve problems 
8. While taking this instruction I almost felt as if 
someone was talking with me 
9. I can apply very little of the material which I 
learned to a practical situation 
10. The material made me feel at ease 
11. In view of the time allowed for learning, I felt that 
too much material was presented 
12. I could pass an examination over the material which 
was presented 
(U (U 
rH m <u r4 tH 00 w M CO 60 
a 60 00 M <u C 0) o (d (Q 4J <u O (U 
M U) CO 3 h M M 4J •H H m 60 U 60 
w ca Q a < M < 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
SD D N A SA 
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13. I was more involved with using equipment than with 
understanding the material SD 
14. I became easily discouraged with this type of 
instruction SD 
15. I enjoy this type of instruction because I get to 
use my hands SD 
16. I was not sure how much I learned while taking this 
instruction SD 
17. There are too many distractions with this method 
of instruction. SD 
18. The material which I learned will help me when I 
take more instruction in this area SD 
19. This instructional method did not seem to be any 
more valuable than regular classroom instruction SD 
20. I felt that I wanted to do my best work while taking 
this ins truction SD 
21. This method of instruction makes learning too 
mechanical SD 
22. The instruction has increased my ability to think SD 
23. I had difficulty reading the written material 
that was used 
24. I felt frustrated by the instructional situation..., 
25. This is a poor way for me to leam skills 
26. This method of instruction does not seem to be 
any better than other methods of instruction SD 
27. I am interested in trying to find out more about 
the subject matter SD 
28. It was hard for me to follow the order of 
this instruction SD 
Q) 
iH Q) <U iH rH OO U U CO 60 
C tti 00 M <u qj (U o (Q CO «J (U O 0) M CO CO 3 M M M W (U 00 4-> 00 
C/3 P P z < OT < 
 D N A SA 
 D N A SA 
D N A SA 
D N A SA 
D N A SA 
D N A SA 
D N A SA 
D N A SA 
D N 
D N 
A SA 
A SA 
D N A SA 
D N A SA 
D N A SA 
D N A SA 
D N A SA 
D N A SA 
29. While taking this instruction I felt isolated and 
alone .SD D N A SA 
r4 H 00 M (U C 0) W 0) o 0} 3 M M M 01 OO U 00 
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D N A SA 
D N A SA 
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30. I felt uncertain as to my performance In the 
instruction SD D 
31. There was enough time to leam the material 
that was presented SD D N A SA 
32. I don't like this instruction any better than 
other kinds I have had.* 
33. The material presented was difficult to understand. 
34. This was a very good way to leam the material 
35. I felt very uneasy while taking this instruction... 
36. The material presented seemed to fit in well 
w i t h  m y  p r e v i o u s  k n o w l e d g e  o f  t h e  s u b j e e t  S D  D  N  A  S A  
37. This method of instruction was a poor use of my 
time SI) D N A SA 
38. While taking this instruction I felt challenged 
to do my best work SD 
39. I disliked the way that I was instructed 
40. The instruction gave me facts and not just talk. 
41. I guessed at most of the answers to problems.... 
42. Answers were given to the questions that 1 had 
about the material ..SD D N A SA 
43. I seemed to leam very slowly with this type of 
instruction SD D N A SA 
44. This type of instruction makes me want to 
work harder SD D N A SA 
45. I did not understand the material that was 
presented SD D N A SA 
46. I felt as if I had my own teacher while taking 
this instruction SD D N A SA 
47. I felt that no one really cared whether I 
worked or not. SD D N A SA 
D N A SA 
D N A SA 
D N A SA 
. .SD D N A SA 
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APPENDIX H: PHOTOGRAPHS 
Figure 8. Numerically controlled router prototype 
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Figure 9. Detail of numerically controlled router prototype 
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Figure 10. Detail of numerically controlled router prototype 
Numerically controlled milling machine derived from numerically 
controlled router prototype 
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APPENDIX I: CORRESPONDENCE 
COLLEGE OF EDUCATION 
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 
125 
Blacks burg, Virginia 24061 
DIVISION OF VOCATIONAL St TECHNICAL EDUCATION 
July 21, 1982 
Mr. Edward H. Matthews 
2020 East Greenwood 
Springfield, Missouri 65804 
Dear Mr. Matthews: 
You certainly have my permission to use the Instruction 
attitude Inventory In your research. My only request Is 
that you provide me with a summary of the results of your 
study. 
Should you need any further Information, please do 
not hesitate to write or call. 
Sincerely, 
Curtis R. Finch 
Professor and Chairman 
General Vocational and Technical Education 
vs 
